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Introduction 


T SHORTEST DISTANCE BETWEEN TWO POINTS 
is closed for repairs . . . so you need a map to 
find a suitable detour! And that’s not the only occa- 
sion when you need a map. All of us who travel need 
maps, whether the place we want to find is in the 
same state or on the other side of the world. As 
travel becomes easier, the need for maps becomes 
greater. Even if you depend on someone else to 
transport you to your destination, your interest in 
traveling and arriving can be increased tremen- 
dously by using a map. 

Maps and compasses go together. For many 
purposes it is possible to manage without a com- 
pass, but the ability to set a map with a compass 
helps you to get the map the same way as the 
country, even if you have doubts about where you 
are. 

Most of us have used highway maps, but there 
is much more to mapping than that. Maps are avail- 
able for other purposes besides getting from place 
to place by road. 

In addition to maps to help you travel, there 


are others to tell you about places you might never 
visit. If your interest is history, geology, popula- 
tion, or a host of other subjects, there are maps for 
you. If you want to make your own maps, that is 
possible without elaborate or expensive equip- 
ment. It is even possible to read maps competi- 
tively if you join in the sport of orienteering. 

A map uses a sort of shorthand to tell us many 
things. Even a free state road map will yield infor- 
mation you did not realize was there, if you study all 
the explanatory notes. 

The maps of wilder country, away from roads, 
might provide the most appeal. Your map and com- 
pass can take you into areas where you can explore 
in much the same way as our pioneer forefathers. 
There is a tremendous satisfaction in finding your 
way across such country on foot, by horseback, or in 
а canoe. By using your navigational skills with map 
and compass, you get where you intended without 
roads, signs, or other man-made aids. 

Anyone who travels on the sea, whether he 
keeps in sight of land or crosses oceans, needs to 


use his map, even if he calls it a chart. With that and 
his instruments, he finds his way and depends on his 
navigational skills even more seriously than does 
the map user ashore. In a similar way, an airplane 
navigator is very dependent on his chart. From both 
of these important and essential mapping needs and 
skills have come developments of value to all who 
use maps. 

For what they have to offer, maps and com- 
passes are inexpensive. If you want to make map 


vi 


work more than just a minor sideline to other ac- 
tivities, you will find the essentials are few, the 
elements are soon mastered, and you will soon be 
engrossed in a hobby that has many practical ad- 
vantages in other activities. 

Learn to read all there is to be found on a map. 
Learn to use the map with a compass. Learn to 
make simple maps and plans. These are worthwhile 
accomplishments. They are what the book is all 
about. 
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What Is a Map? 





Den IS A REPRESENTATION, AT A REDUCED 
size, of part of the surface of the earth. The 
amount by which it is reduced is its scale, meaning 
how much smaller the representation is than the 
actual area it pictures. All maps are necessarily 
smaller than what they represent, and this may be 
quoted as a fraction. If this is 1:1000, then a dis- 
tance on the ground is 1000 times as far as it is 
drawn on the map. Another way of quoting the scale 
is to say that a distance on the map represents some 
other distance on the ground. It could be a scale of 1 
inch on the map representing 1 mile on the ground. 
With the coming of metrication, which progresses 
in tens, the representative fraction is more easily 
converted to the second method of defining scale. 

Maps are usually drawn on paper. There are a 
great many different types of maps; much depends 
on what the map user wants emphasized. The map 
reader might want to know about the location of 
boundaries and the situation of cities. That is called 
a political map. Another reader might be more in- 
terested in the elevation of land, the courses of 


rivers or streams, and other details of the land. 
That is called a physical map. In some maps both 
features combined, but that could produce a general 
map that has so many complexities that it is con- 
fusing. 

There are many other sorts of maps, showing 
the densities of population, the distribution of 
wildlife, or just the meeting places of an organiza- 
tion. Maps for these purposes may start with one of 
the other maps as a base, but unwanted features are 
discarded and only things that are relevant to the 
particular purpose are retained and added to. 

The term map does have other uses besides 
the representation of part ofthe earth's surface, but 
that is what is generally understood if the term is 
not qualified in any way. A representation of the 
Sky, showing the positions of stars and other 
heavenly bodies is also called a map. 

Ifthe map is ofa fairly small area and to a large 
scale, it is called a plan. This may be just the layout 
of a house and the surrounding yard and garden, 
plus the adjoining streets. It is not always easy to 


define the difference between what is a plan and 
what is a map. The large scale of a plan allows 
considerably more detail, including the actual sizes 
of things that could not be shown to scale size, if at 
all, on amap with much smaller scale. One guide is 
the way roads are shown. Опа тар, they have to be 
shown by parallel lines that are not to a scale width. 
On a plan the road width is drawn to scale and may 
vary as the actual road verge and boundary does. 

Ifa map is primarily concerned with water, it is 
a chart. There might be a shoreline, but most of 
what is shown is concerned with depths of water 
and features on the sea or ocean. The chart is 
designed to suit the needs of those who navigate on 
water, and any land features shown are as they 
relate to anyone approaching from the sea. In gen- 
eral, a nautical chart is not much use to anyone 
concerned with matters ashore. Similarly, a land 
map might have an extensive coastline on it, but the 
details concerning the water are really given for the 
interest of a person ashore and would not be suffi- 
cient to provide navigational information for anyone 
approaching the coast from seaward. 


PROJECTIONS 


A problem with mapping— which may not be very 
obvious if the map is of a comparatively small 
area—is that the world is a sphere, but the map is 
flat. The difference between the curve of the sur- 
face of the earth and the flat piece of paper on which 
the map is drawn may be so slight as to be ignored if 
you are concerned with only 50 miles each way; but 
if you are thinking of 500 miles, something has to be 
done to allow for distortion. 

The only accurate way of representing the 
shape ofthe whole earth or a major part of it is witha 
globe. A globe is really another form of map. Be- 
cause of its shape and bulk, a globe is not a map to 
carry around. Even part of a globe would be an 
awkward package. A globe is an interesting and 
decorative thing to have in a home, school, 
library —or anywhere static—and it is useful for 
reference, particularly when you want to relate a 
flat map to the true shape and position of a country 
or other large part of the earth's surface. 

There are many ways of projecting a map of the 


whole world, or a large part of it (as shown later), 
but all of these methods are attempts to portray 
what is really a sphere on a flat surface. This is 
impossible to do perfectly; all of these projections 
are compromises. This should be remembered 
when using world maps. Some distort shapes to get 
directions correct. Others aim to get shapes about 
right, but the relation between them is wrong—a 
straight line on the map would not follow the same 
course as a line between the same places on the 
surface of a globe. It is important to remember this 
when following air routes or other long distances on 
maps. Reference to a globe might be advisable. 

Fortunately for most of us, we need maps of 
much smaller areas. When you are dealing with a 
local area, or even one the size of states, for all 
practical purposes the map is a true scale represen- 
tation of that portion of the earth, and a scale mea- 
surement on the map can be safely interpreted as a 
particular distance on the ground. 

We know that the earth rotates and the ends of 
the axis on which it turns are the North and South 
Poles. A compass points to a location quite close to 
the North Pole. Actually, the magnetic North Pole 
is on Bathurst Island, in the north of Canada, about 
500 miles from the true North Pole. This informa- 
tion gives us map directions. Very early world 
navigators knew these things, even if they did not 
know the reason behind them. They needed refer- 
ences on which to base their navigation and the 
maps they prepared as they explored. 

The sun and the height to which it reached 
gave them one guide, and a line around the world 
where the sun rose highest became the equator. 
They drew a similar line passing through the poles. 
Quite early in the development of mathematics, a 
circle became divided into 360 degrees. It might 
have been some other figure, but that is the one 
accepted then and it is still the way angles are 
measured. Navigators projected angles from the 
center of the earth and drew circles where the 
angles broke the surface in both directions. 

The circles around parallel with the equator 
are called parallels of latitude. The lines drawn 
around through the poles are called meridians of 
longitude. Latitude is measured north and south 


from the equator. Longitude is measured east and 
west from the meridian through Greenwich, En- 
gland. Details are given in Chapter 5, but here note 
that the lines are shown in the margins, if not 
across, most maps and they are the means of finding 
the exact part of the earth’s surface that the par- 
ticular map represents. The lines of latitude and 
longitude shown are not repeated anywhere else, 
so those given indicate that the area mapped is 
unique. There may be more maps of the area at 
many different scales, but the location indicated is 
of that place only. 


MAP TYPES 


There are a vast range of grades of maps, from the 
hastily scribbled sketch to show someone the way, 
to a work of great precision used in planning or 
laying out some vast project, but all of these have 
two things in common—if they are to be genuine 
maps. There must be a scale so that you have some 
idea of how big the real area is compared with what 
is drawn. This could be quite approximate or it 
might have to be very exact. Then there must be an 
indication of direction; otherwise the user does not 
know how the map lies in relation to the land it 
represents. Sometimes it might be sufficient to 
relate a major line on the map with what it repre- 
sents on the ground, and which cannot be misun- 
derstood. Usually, it is better to indicate north. The 
map can then be turned so the north direction on it 
agrees with a compass and it will then be set the 
same way as the land pictured on it. 

Much more is said about scales in Chapter 2, 
but the reader will hear about large-scale maps and 
small-scale maps here and elsewhere. A small-scale 
map shows a very large part of the earth’s surface on 
a piece of paper. A large-scale map shows a very 
much smaller part on the same size paper. The 
small-scale map gives an overall picture of a lot of 
land, but with not much detail. The large-scale map 
takes a very much smaller plot of land and describes 
it in much more detail. The small-scale map may 
have 1 inch representing 500 miles. The large-scale 
map may have 1 inch representing 2 miles. The 
terms are relative. There is no clear dividing line 
between large-scale and small-scale. They are 


more terms of comparison between maps. 

A map cannot represent everything by a scale 
picture of it. Some early mapmakers tried to use 
illustrations—often with a side view of something 
that should have been viewed from above. Instead 
there are now symbols or conventional signs. 
These are a sort of pictorial shorthand. From the 
legend, which accompanies a map or is produced as a 
list that is standard for a whole range of maps, you 
can see what certain symbols mean and learn to 
identify them quickly. This makes for simplicity on 
a map. Itreduces confusion where many things have 
to be shown close together. 


INFORMATION 


There is no universal standard for symbols and they 
may have to vary according to scale, but many are 
so well known that they are very nearly universal. 
For instance, almost all maps use blue for water and 
an upright cross representing a church. Fortu- 
nately, interpreting a map is largely common sense. 
Checking with a legend will show that there is more 
information available than is obvious at first glance. 
It is the use of symbols, as much as anything in 
mapmaking, that enables a small piece of paper to 
tell you so much about a piece of land. 

Although symbols are typically used with the 
coming of aerial photography we are accepting 
mosaics of photographs as maps. In such cases, 
actual views from above tell us what is there — with 
houses alongside roads and other features—all in 
plain view. Such photographs can be converted to 
the conventional map form and aerial photography 
becomes the modern way of correcting and check- 
ing maps. 

Another section of information that many maps 
provide concerns elevation. A map that does not 
have any indication of heights could appear to be of a 
flat countryside when actually, there are mountains 
and valleys as well as plains. Some maps are drawn 
with shading to indicate hills, but this does not tell 
you their heights. A map could be made thickened 
and heavy so it has the hills and valleys built up to 
scale on it, but then it would cease to be something 
to carry around. Relief maps are made in that way, 
but they are used for display. 


Instead, the flat map is marked with contour 
lines to indicate elevations. A contour line is drawn 
through all places that are the same height above 
sea level. Another contour line is drawn through 
more points higher and lower. These contour lines 
could be at 100-foot elevation intervals or any other 
spacing to suit the scale of the map and the type of 
country. 

A figure set in the line indicates the height of 
that line. Reading contour lines can provide a con- 
siderable amount of information. If they are close, 
the land slopes more steeply than if they are far 
apart. More information on contours is given in 
Chapter 4. Contour lines read in conjunction with 
other information can give a good idea of features of 
the land. You should be able to visualize what you 
will find when you get there. 

In its most elementary form, mapping for many 
of us starts with a sketch on the back of an envelope 
to show someone the way they have to go. This 
might be just a freehand outline to represent roads, 
possibly with arrows to show the route and a few 
words, written or spoken, to show key points as 
landmarks or places to turn. You say or write that 
from here to there is 2 miles. You have then pro- 
vided a scale. You might both know what road you 
are standing on and which way to go, so there is no 
need for a compass direction. That type of map is a 
rather crude large-scale one. If the directions you 
have to give extend to 30 miles, the map you sketch 
on the same envelope will be a small-scale one. 

In those cases, both of you were clear about 
the direction of the map in relation to the ground, 
but on most maps there should be an indication of 
north. There is a convention that the top of a map is 
north. It nearly always is, but itis unwise to assume 
so. There should be an arrow in the margin of the 
map showing the northernly direction, and it is 
always wise to check that. Sometimes it is a very 
decorative arrow inthe margin or on the body of the 
map. In some old maps, the cartographer seems to 
have spent more time on drawing the compass sym- 
bol than on drawing the map. On a nautical chart 
there are usually several north indications in dif- 
ferent places, drawn with full circles of degree 
markings to help in plotting courses. 


How are maps made? The sketch on an en- 
velope came from our own observations. Many 
preliminary maps are made in that way, but for 
more precision the country is surveyed. Although 
the instruments used may be very advanced, the 
principle of most surveying is simple and based on 
the triangle. It cannot be pushed out of shape. If you 
establish a baseline and draw two more sides to the 
triangle at definite angles or lengths, that is it— 
there can only be that one size and shape of triangle. 

Surveying consists of building triangles on 
triangles. This applies to horizontal and vertical 
measurements. From a first survey, a base map is 
prepared and all other maps are built on that, with 
the scales altered and more information added if 
required. This is done by the United States 
Geological Survey, as well as some other agencies 
and authorities. 


SCALE PROPORTIONS 


The first introduction to maps is usually a school 
atlas that shows the countries of the world and 
teaches us their shapes and relation to each other. 
We should be introduced to a globe as well as an 
atlas, or we may get wrong ideas about proportions. 
Many atlases do little more than show shapes of 
countries and their main towns on political maps, 
heights, waterways, and some general land fea- 
tures on physical maps. An atlas is a good introduc- 
tion to mapping, but the scales are too small for you 
to be able to see local roads, small towns—and 
certainly not motels. 

The next map to come your way is likely to bea 
state map (perhaps officially issued or provided by 
an oil company). Such a map is obviously directed to 
motorists who want to get from one place to 
another; therefore the main features are roads. 
What a motorist needs to know is there — road num- 
bers, towns, and the distances between towns. If 
you want to know about rivers and streams, not 
many are there. If you want to know something 
about elevations, there might not be any contour 
lines. Because a modern car can climb just about 
any road, why bother with heights? 

Quite a lot can be learned from state road 
maps. Study the information in the margin; it ex- 


plains a lot you might not have realized was on the 
map. Get to know the symbols. A slight difference 
in a symbol could tell you more about the object than 
you expected. There is usually some way of indi- 
cating broad divisions of population. 

Such a motoring map cannot give you much 
detail of towns on the main map, but there are 
usually inserted maps on a larger scale, showing 
streets in town and the routes through or around. 
Look at these town plans and note their large scales 
and the extra information that can be put in. 

Such a road map is not much use to you if you 
want to walk, ride a horse, or paddle a canoe in wild, 
undeveloped country. The area that interests you 
could be just a blank space on a road map. There 


might be a considerable number of features in the 
area that interests you, but are of no concern to a 
motorist. This is where you need a topographic 
survey map of fairly large scale. Such a map gives 
plenty of contour lines as well as the situations of 
waterways down to the smallest, together with 
many natural features that form your landmarks. 

With that sort of map and a compass, naviga- 
tion becomes realistic. You are an explorer depen- 
dent on your skill to plan a route and find a destina- 
tion without roads and signposts. An outcrop of rock 
or a stream becomes your landmark instead of some 
man-made object. It is this sort of map and compass 
work that many people find fascinating, and it is the 
basis for the sport of orienteering. 
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Symbols and Scales 





Do ANY MAP IS SO MUCH SMALLER THAN 
the area it represents, a scale has to be de- 
cided on and the layout arranged to suit this. Within 
the scale, the many things that are to be illustrated 
have to be represented. If the scale is very large, it 
may be possible to draw the actual shape as it would 
be seen from above, but in most cases the scale 
does not permit such things as buildings and roads 
to be drawn in correct proportions. If the scale is 
small, whole towns may be just dots. To indicate 
various things on a map, there have to be conven- 
tionally agreed-upon symbols, so that anyone ac- 
customed to this form of representation will im- 
mediately understand what is meant and can read 
the map easily. In this way, a considerable amount 
of information can be packed into a comparatively 
small space. 

There are no worldwide standards either of 
scales or symbols, but there are sufficient sim- 
ilarities. Anyone familiar with a map with conven- 
tional symbols and scales of one country should 
have little difficulty in interpreting a map drawn to 
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the standards of another country. In America, the 
accepted standards are those of the United States 


‘Department of the Interior, Geological Survey, as 


found on the topographic maps they produce. Any- 
one familiar with these maps should have no diffi- 
culty in reading maps produced by commercial pub- 
lishers, the British Ordnance Survey maps, or the 
majority of European and other foreign maps. 


CONVENTIONAL SIGNS AND SYMBOLS 


Mapmakers of a few centuries ago tended to use 
small pictorial representations that were some- 
times grossly out of proportion and usually as 
viewed from the side, although the map itself was 
obviously drawn as a view from above. They also 
used their imagination and filled blank spaces with 
unlikely objects or such statements as “Here be 
dragons.” With some old maps, it is difficult to 
decide what is the result of observation or survey 
and what is put in because the draftsman thought 
there ought to be something there. Many maps 


seem to have been regarded as art rather than 
science. Some of them may have been designed to 
impress the viewer rather than to be of much practi- 
cal use. 

A modern map should be a precision tool. Any 
part of it should be capable of interpretation so the 
user can obtain information on the part of the earth’s 
surface represented with a degree of accuracy de- 
pendent on the scale. He should not be confused by 
the mapmaker’s desire to put in pretty pictures of 
features. (An exception may be where the map is 
intended to be decorative, such as a drawing of a 
state on a table mat, where places of interest are 
depicted to give an idea of situations without much 
accuracy.) Otherwise, a modern map will be found 
to use symbols to get a considerable amount of 
information in the minimum of space so that the map 
is not cluttered with marks that obscure each other 
or make interpretation difficult. 


LEGENDS 


Many maps carry a legend giving details of symbols 
used and the way certain features are indicated, 
either in the margin or on a panel inset in the map. 
This often goes with a compass indication and the 
scale, possibly with details of how the map relates 
to adjoining maps and when parts were last revised. 
When you handle a particular map for the first time, 
it is worthwhile examining all of this information 
before attempting to read what you want from the 
map. 

Symbols may be peculiar to the map or they 
may follow the conventional practice of most maps. 
If it is a map intended for users with particular 
interests, there will almost certainly be some 
markings special to that map. For instance, a map of 
an area that goes over state borders may have 
special ways of showing state parks, national 
forests, wildlife refuges, and Indian reservations. 
The legend will tell you about that even if it is 
assumed you are familiar with the symbols common 
to many maps. 

To a certain extent, symbols are common to 
maps of all scales, but there are practical limits. On 
a fairly large scale, a town may be drawn with an 
outline showing its approximate shape. But on a 


small scale it becomes a dot or a circle with a 
colored center. Individual buildings or features— 
such as schools, churches, and windmills—may be 
shown on maps down to certain scales, but as more 
of an area has to be included in a smaller space on 
the map it ceases to be possible to include them. 
Exceptions may be where the map area is otherwise 
blank and one of these is a prominent feature. | 

The reader of a map needs to relate his under- 
standing of the use of symbols with the scale to 
which he is working. Fortunately, maps are usually 
fairly obvious and you can learn a lot after only a 
little experience. There is, however, always more 
information that is not immediately obvious, and 
which can be interpreted when you know what other 
conventional signs mean. 


MAP COLORS 


Colors will help to clarify details on any map. If a 
map is just in black on white, color is reduced to 
shading, stippling, or the use of printed words. 
Colors make some things immediately obvious. 
Blue is universally used for water, so the coast is 
there without any doubt. Without the color you 
might have difficulty in deciding if something drawn 
is an inlet or part of the solid ground. A map may 
have to be made without any colors; this applies 
particularly to a sketch map you make yourself. It is 
then very important to make sure that features that 
are obvious to you cannot be confused by a reader 
unfamiliar with the country. 

In addition to blue for water in all its forms 
(sea, river, canal, lake, and marshes), red is the 
next most frequently used color. It is one of the 
easiest seen colors so it is used for emphasis. 
Roads may be drawn as parallel lines in black, but 
the most important ones are filled in red. Bound- 
aries may be in various forms of red lines. Urban 
areas may be red dots or enclosed patterns of red 
tint or stippling (small dots). Red is the usually 
chosen color on special maps where something 
needs emphasis. 

As may be expected, black is the main color for 
many drawn lines, but these tend to be man-made 
features, such as roads and buildings, railroads, and 
boundaries. Other colored areas may have their 


own darker shade. For example, the border of a 
blue lake will be darker blue. 

Green is the color for woodland, either an 
allover shade or with patterns, if it is necessary to 
show such things as orchards and vineyards. 

Brown is the usual color for contour lines, but 
the shade may appear almost red on some maps. 
Contour lines, however, are unlikely to be confused 
with other features, particularly in mountainous 
areas where they are drawn close together. 

Purple tends to be associated with aircraft. 
Maps intended to be used in airplane navigation 
have some features emphasized with purple. Much 
mapmaking now makes use of aerial surveys. 
Where a revision is made from aerial photographs 
without field checks, purple is used on a map. 

Those are all the colors normally used on top- 
ographic maps officially issued in the United States, 
but some other colors are used on commercially 
produced maps and foreign maps. A green that is 
darker than used for woodland may be used for 
some roads instead of red. A yellow or yellow- 
brown color may also be used to pick out particular 
roads. Sparing use of yellow can give prominence to 
state highway number symbols. Broad bands of any 
color may be used to draw attention to boundaries 
or other outlines drawn in black. 

British and other European maps generally 
follow color patterns similar to American ones. 
Road quality may descend from red through brown 
to yellow and no color, but only hard-surfaced 
British roads are shown. Major motorways (equiv- 
alent of interstates) may be colored dark blue. 


ROAD SYMBOLS 


Roads are shown as parallel lines (Fig. 2-1A) with 
the more important roads usually filled in red. Some 
commercially produced maps use other colors to 
distinguish special roads from the primary high- 
ways in red. Examples are dark blue for free 
limited-access highways, green for toll limited- 
access highways, and yellow-brown for other 
four-lane divided highways in Rand McNally road 
maps. The choice of road representation depends 
on scale. On a smaller scale, a road may be just a red 
line, without the black parallel lines. The symbols 


for dual highways are only possible with larger 
scales. 

If a highway is under construction, its outline 
is shown as broken lines when its alignment is 
known. This is the condition at the time of making 
the map or its revision. If you check with the date of 
the last revision, shown in the map border or with 
the legend, you may assume that the road is now in 
use if the map is a few years old. A possible point of 
confusion comes with the use of broken lines for an 
unimproved road, but there the dashes are only 
about half the length of those indicating a road under 
construction. In any case, there is no color on an 
unimproved road. Therefore, color between broken 
lines must mean a road still being built. 

On some foreign maps, broken lines mean that 
the road is unfenced. Any road shown with solid 
lines is fenced. If the line at one or both sides 
becomes broken, that part is without a fence. At the 
bottom of the series of road symbols is the path or 
trail, which is just a broken single line. 

Railroads are always black. Even if you are not 
using arailroad, its presence is a useful navigational 
point, enabling you to set your map easier. As 
shown in Fig. 2-1B, the type of track can be dis- 
covered from the map, if it is of sufficient scale to 
allow the details. With small scales, all railroads 
are shown the same—with crossing lines over the 
one showing the route. 

Highways and railroads may cross each other 
or water. On a small scale, they are drawn simply 
crossing. On a larger scale it is possible to discover 
which goes over and under (Fig. 2-1C). The one 
going under is broken. If a highway or railroad goes 
under for a greater distance than is necessary just to 
cross another, the tunnel is then drawn with a sym- 
bolic representation of the porticos and the buried 
part in broken lines. 

Passage under a canal aqueduct would be 
shown in the same way, but if there is a bridge over 
a waterway, symbols show its type. The ends ofthe 
bridge are indicated (Fig. 2-1D). Roads or railroads 
are drawn straight across through these marks. If it 
is a drawbridge that swings or lifts, a circle in the 
middle indicates this. If it is a footbridge, the trail at 
each side is shown with broken lines, but the actual 


A 


Primary hard surfaced 
highway 


Secondary hard surfaced 
highway 


Light duty road with hard 
or improved surface 


Unimproved road 


Road under construction, 
where aligment is known 


Proposed road 


Dual highway with a dividing & 
strip 25 feet or less 


Dual highway with dividing 
strip exceeding 25 feet 


Trail or path 


bridge 
bridge 
drawbr idge 


drawbridge 


bridge 





B 


Railroad, single track 


Railroad, multiple track 
Railroads in juxtaposition 


Narrow gauge.single-track 


Narrow gauge,multiple track 


Railroad or carline in 
street 


Over and underpasses 


C 


Road through tunnel ==) pampa a 


E 


Hill gradient 1l in 7 
to: L in 5 


Hill gradient 1 in 5 
or steeper 


= m 


Toll booth 


Rest area Service area 


Fig. 2-1. Some standard symbols used on topographic and other maps. 


bridge is a solid line. On some foreign maps the 
portico signs are also used where road and railroads 
cross each other, looking like small representations 
of bridges. 

A level crossing may be shown by the road and 
railroad symbols crossing each other. Level cross- 
ings are less common in some other countries and 
their presence may be shown by a small “X” over 


the crossing or by the road parallel lines being 
brought to a point at the railroad. 

Some additional information found on some 
foreign and commercially produced maps include a 
circle on a railroad to indicate a station (red if 
available to passengers and open if not), with a red 
rectangle for a principal station on British maps. On 
some foreign maps a "V" on a road indicates a hill, 
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with the V pointing downhill. Two Vs close to- 
gether indicate an extra steep hill. The legend will 
show steepness, but typically a single V is a slope 
between 1-in-7 (14 percent) and 1-in-5 (20 percent), 
while double Vs mean it is steeper than that. Toll 
booths, rest and service areas, and wayside tables 
may be shown on road maps (Fig. 2-1E). 


WATER 


The blue color for water is treated in many ways to 
indicate its condition. If the maps includes coast, 
but is intended only for users of the land, the sea 
may be just an overall blue. Some characteristics 
might be shown even if the map is not intended to be 
of serious use to navigators of boats. The coastline 
is usually shown as high water mark. If there is a flat 
foreshore of sand or shingle always exposed or 
uncovered at low water, it may be shown by dots 
(Fig. 2-2A). If there are rocks or coral reefs along 
the shore they may be shown diagrammatically 
(Fig. 2-2B). If soundings are shown, they will be 
like underwater contours in a darker blue with a 
figure alongside or enclosed indicating depth (Fig. 
2-2C). Refer to the legend to discover what the 
figure represents. It could be in feet, fathoms (6 
feet), or meters. 

Features that may be hazardous to navigation, 
particularly if they are within view from the shore, 
may be shown. Pilings or a dolphin standing above 
the water is shown as a small circle. An exposed 
wreck is shown as a little black picture. A sunken 
wreck has its own black symbol. A rock awash is 
shown as a star, and with dots around it if much is 
exposed at low water (Fig. 2-2D). 

Where the scale width of a river or stream is 
enough to justify it, the outline may be drawn. 
Otherwise it is represented by a blue line following 
its course, but not indicating its width. If it is a 
stream that has only an intermittent flow, the solid 
outline or single line is broken with dots (Fig. 
2-2E). If there is a small dam, that is shown as a 
black line across the resulting pond. A road may be 
drawn across the dam. If there is a lock in the dam, 
that is shown diagrammatically with gates pointing 
upstream (Fig. 2-2F). 

Where there is a width of ariver drawn, a rapid 
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is shown as a series of small lines. If there is a fall, 
there is one set of lines. If the river is shown by a 
single line, two lines across mean a rapid and one 
line across marks a fall (Fig. 2-2G). 

If the scale is large enough a canal is shown 
with parallel dark blue lines with a lighter blue 
filling. A lock is then shown with a diagrammatic 
pair of gates (Fig. 2-2H). On a smaller scale the 
canal is a single blue line, usually without locks 
marked. If the canal goes through a tunnel, it is 
given broken lines and similar porticos to a road. If 
the canal is elevated over an aqueduct, it is drawn 
solid, but with the aqueduct ends indicated (Fig. 
2-2]). 

A water well is a small blue circle (Fig. 2-3A). 
If the well location is actually a spring and a stream 
flows from it, the circle has the stream joined to it. 
Similar circles are drawn in black to indicate other 
types of well, but the type is always printed 
alongside, such as oil or gas. 

A lake is an expanse of blue with a dark blue 
border. If the lake is an intermittent one, it has a 
broken border and diagonal dotted shading. If it is a 
dry lake bed, the blue broken outline contains a 
pattern of red dots (Fig. 2-3B). 

A swamp has diagrammatic tufts with some 
light blue shading. If the marsh is submerged, there 
is an overall darker blue pattern. If it is a wooded 
marsh, it is drawn similarly but the overall color is 
green (Fig. 2-30). 


STRUCTURES 


How individual buildings and other erections are 
indicated depends on scale. If an exact location is to 
be marked on a small-scale map, it may be a dot at 
the actual position with a circle around and a name 
alongside, all in black. This may be a landmark 
visible from some distance. Tanks for oil, etc., are 
solid black circles. Water tanks are black circles 
with diagonal shading (Fig. 2-4A). A school is a 
small square with a flag above it. A church is a 
square with a cross above it and a windmill is pic- 
tured (Fig. 2-4B). 

A power transmission line is a feature easily 
seen from a distance, and it is shown as a series of 
dashes between dots. Ifthe scale is large enough to 


Flat foreshore 


Soundings, with 
depths 


E 


Perennial river or 
stream 


Intermittent river 
or stream 


Small dam 


Dam with road 


Dam with lock 


H 


Note.- All water colored blue 


Rock or coral reef 


+ 


Sunken 
wreck 


Exposed 
wreck 


LL —À————c 


Aqueduct 
Canal with lock J 





Fig. 2-2. Symbols used in connection with water, usually colored blue. 


show metal towers, they are included as open 
squares in place of dots. Telephone and pipe lines 
are a series of dashes labeled as to type (Fig. 2-4C). 

Whether buildings are shown or not depends 
on the scale. If they are drawn to shape, small 
dwellings or places of employment may be solid 
black or filled with black cross hatching. Other 
buildings, such as barns and warehouses, may be 
open outlines or filled with diagonal hatching (Fig. 
2-4D). 


BOUNDARIES 


Boundaries vary in prominence and intensity of line 
according to their importance. Black lines start 
with the heavily drawn national boundaries. There 
are similar, but lighter state boundaries and even 
lighter county or parish boundaries. Various lighter 
lines go down to the boundaries of such things as 
cemeteries and small parks (Fig. 2-5A). Further 
boundary lines are red (Fig. 2-5B), with some of 
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Water well 


Water spring 


Fig. 2-3. More symbols associated with water. 


lesser importance not very easily seen among other 
things on the map. 

Brown contour lines are solid or dotted, but 
their significance and meaning are dealt with in 
more detail in Chapter 4. A small triangle with a dot 
at its center indicates a control station or bench 
mark used in surveying maps. Such positions are 
usually high and command a good view all round. 


Tank for oil 
etc. 


Telephone or telephone 
pipeline, as 


marked 


C 


Fig. 2-4. Symbols for isolated landmark features on a map. 
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School 


Intermittent lake 


Dry lake bed 


red dots 


They are permanent features and may be marks on 
rocks or man-made erections that the map reader 
can locate on the terrain. The height above sea level 
is shown alongside the triangle. A small, green 
triangle may be used on some commercially pro- 
duced maps to indicate a campground. A green tree 
alongside the triangle indicates a park with camping 
facilities. The tree alone means a park without 


me X 


Church Windmill 


— — M — — — 


Buildings 





Boundaries 


National 


County or parish 


Civil townships. town, precinct 


Incorporated city, town, village 


Reservation, national or state 


Small park, cemetary etc. 


Land grant 


Township or 
range line, 
U.S. land survey 


Section line, 
U.S. land 


survey 


Township line, not U.S. land survey 


Section line, not U.S. land survey 


A 


(Black) 


Approximate 
location 


Approximate 
location 





Fig. 2-5. Some methods of showing boundaries of many types. 


camping. A small red triangle may be used for a 
youth hostel. An airport is usually shown with the 
outline of an airplane. 

The foregoing symbols cover the majority 
likely to be found on maps, but there are others that 
may be only used at particular scales or on maps 
intended for particular purposes. Mapmaking is an 
ongoing science and new maps may be produced 
with revised symbols. Many have been found most 
suitable over the years and are regularly adopted, 
but some may be replaced as new series of maps are 
produced. If there are new or revised symbols, the 
legend will give details. That is why it is always 
wise to consult it rather than assume that— because 


you expect, from past experience, something will 
be indicated by a certain symbol, that is will be so. 


SYMBOLS ON OTHER MAPS 


Besides officially produced topographic maps, 
commercially produced road maps, and the state 
maps mainly intended for motorists, there are 
others available that have symbols to suit their 
particular service offered. 

The United States Department of Agriculture 
and Forest Service produces maps of the forests 
that range from small-scale maps covering large 
parts of the country and showing where the forests 
are to a map for each individual forest. From these 
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individual forest maps are derived others to appeal 
to visitors. Forest visitor maps are the ones used by 
serious hikers and backpackers, but there are vis- 
itors guides intended more for the casual visitor 
that indicate such things as points of main interest, 
car parks, information centers, and similar things, 
without including the more detailed information re- 
quired by anyone going deeper into the forest. 

A forest visitors map uses many symbols found 
on topographic maps, particularly where sur- 
rounding areas are shown. In the forest the user 


Paved road 


All weather road 


needs additional information. His landmarks are 
different from those in urban and developed areas. 
Consequently, primitive roads, caves, or quarries 
that would not be justified on a general map are 
important as key positions for locating where you 
are, possibly among an enormous number of look- 
alike trees. 

Because the area is covered with trees, there 
is less need to use green everywhere. It may still be 
the predominant color, but other colors may be 
used for special areas. Roads within the forest are 


Primary access road. Automobiles to travel 


cautiously, 


Dirt road 


Permanent lookout station 


Permanent lookout station 
апа horizontal control 
station 


Permanent lookout station 
with aeronautical number 
on roof 


Recreation sites 


Forest service Not Forest service 
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e 


Road or trail with restrictions 


Gaging station 


Cave 


Mine, quarry, gravel pit 


4 
p 


$ 


Sawmill 


District ranger station 


Forest service station 


D (Red/brown) 


i 


Point of 
interest 


v 


Sportsman's 
access 





Fig. 2-6. A selection of symbols used on forest and other maps of recreational interest. 
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mainly of a much lower standard than outside, but 
they are indicated in a similar way (Fig. 2-6A). If 
restrictions are marked, the user should inquire at 
the local Forest Service station. 

Railroads, transmission lines, and pipelines 
are the same symbols as elsewhere. Lookout sta- 
tions are good landmarks, and they may be shown 
with hexagons (Fig. 2-6B). Buildings, including 
schoolhouses and churches, are shown the same as 
elsewhere, but many black symbols are used for 
places of navigational as well as other interest 
within the forest (Fig. 2-6C). Areas of special inter- 
est to visitors, particularly for their recreational 
activities, are shown in a red-brown color (Fig. 
2-6D). 

The National Parks Service uses the standard 
Geological Survey Maps, but they issue visitors 
maps that are more pictorial and diagrammatic for 
the use of tourists who only need to know the main 
features and the location of things of interest to 
them. Anyone exploring a national park more seri- 
ously will need other maps, but the visitors map 
shows height by two-color shading, with elevations 
marked at summits or overlooks. Water is blue; 
restricted boating areas are shown a darker shade. 
Roads and trails are drawn red over the basic 
shaded green of the map (Fig. 2-7A). Symbols are 
used for all the places of visitor interest, using a 
standard black base of a square with rounded cor- 
ners (Fig. 2-7B). The symbols are rather large in 
relation to the map. If several have to be grouped at 
one point, they only give a general indication of 
place and are not the exact representation of posi- 
tion as found with symbols on a standard topo- 
graphic map. 

Onthe more precise topographic maps, a dot at 
the center of a symbol map be the mapped location 
of what it represents. The center of the base of the 
symbol is the location when it is blacked in or 
solidly colored. 


SCALES 


A map has to be drawn much smaller than the part of 
the earth's surface it is to represent. The relation- 
ship between what is drawn and the actual land and 
water it represents is the scale. There are many 


factors involved in the choice of scale. Convenience 
in handling the map is one: somewhere between 30 
and 40 inches square is about the limit for a person 
to hold and use, and a map is usually better rather 
smaller than that. Folding allows parts of the map to 
be seen while the whole thing 1s kept compact, but 
there will be occasions when the open map is 
needed. If the map is to be bound into a book, it has 
to be much smaller. 

What goes on to that single piece of paper 
depends on requirements. If you want to show the 
whole country with state boundaries, you can get it 
on the sheet, but you cannot do much more than 
show capital cities in each state. Even then you will 
have difficulty in putting the name of the state and 
its capital in the outline of some smaller states. If 
you are only going to put one state on the piece of 
paper, quite a lot of detail will be possible, showing 
where places are in relation to each other, with the 
important roads and other features that are suffi- 
ciently big. From this map you can learn about the 
state in a general way, but you cannot find out about 
minor roads, footpaths, or the layout of towns. 

At an even larger scale the piece of paper of 
this size may represent only a mile or two each way 
and then can show such things as the actual outline 
of houses, fences, and even individual trees. A very 
large number of maps of this size would be needed 
to cover the same land area as a map of smaller 
scale. The scale of a map is determined by what 
information you want and convenience in handling. 
If you are travelling, a map of the scale that covers a 
day's journey is useful. This means that a motorist 
uses a map with a much smaller scale than a walker. 
If he used the walker's maps, he would be changing 
them at least every half-hour and the car would be 
packed with large-scale maps. If the walker used 
the motorist's map, he would only travel over part 
of it and would probably not find all the details he 
needed. 

The possibility of greater detail, but smaller 
area, can be seen when maps are drawn to repre- 
sent parts of another map (Fig. 2-8). In this case, 
each map is twice the scale of the previous one. 
Therefore, with the linear measurement halved, 
each map is one-fourth the size of the previous one. 


15. 


=e 


Paved road One-way road Gravel or dirt road 


A 


Information Picnic area 
Е sr) 
(Visitor center) 

Horse rental 


Amphitheater Post office 


Interpretive 
trail 


Boat ramp Ranger station 


Lodging 


Campground Showers, laundry 


Marina 


Fire lookout 


Medical 
service 


Trailer sites 


Parking 





Fig. 2-7. Symbols used on national parks maps. 
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Fig. 2-8. Map proportions at different scales. The dotted outlines show the area covered by the next map. 


This shows the need to compromise. You might 
want the advantage of greater detail on a map of 
large scale, but for the coverage of the next map you 
would need four maps and you would have to get 16 
maps for the area of the next again. 

A snag with using many maps for an area is the 
difficulty of visualizing through routes without 
spreading them all out on the floor. If they are bound 
as pages of an atlas, finding the best route across 
several sheets might be almost impossible. Small- 
scale maps of whole areas are needed for dealing 
with longer distances, but larger scales are what 
you must have if you want to know more about local 
parts. 


PROPORTIONS 


There are two basic ways of indicating scale. You 
can say what distance on the map indicates a dis- 
tance on the ground. It could be that 1 inch on the 
map indicates 1 mile on the ground. The scale is 
then described as “1 inch to 1 mile.” It is better not 
to write “1 inch equals 1 mile.” Obviously it does 
not—it represents it. The other way is to write the 
scale as a representative fraction, showing how 
much smaller the map is than the area of the earth’s 
surface it represents. The proportion is shown with 
1 as the numerator and the number of times the 
actual distance is bigger as the denominator, both in 
inches or whatever measurement is being used. 

There are two lines of thought apparent in the 
choice of fractions. Until now, the English-speaking 
peoples have favored proportions of anything, not 
just maps, where we halve and halve again to what- 
ever number of times gives us what we want: %, 1⁄4, 
¥%, and so on. Countries where the metric system is 
used favor a decimal arrangement where propor- 
tions are in tenths, written as a common fraction or, 
more often, in decimal form: 1, 0.1, 0.01, 0.001, 
and so on. 

The method we use tends to result in cumber- 
some representative fractions. The scale of 1 inch 





to 1 mile then becomes asthere are 63,360 


à у : 63, 360 
inches in a mile. 


That is a rather unwieldly fraction that does 
not tell as much as quickly as the statement of what 
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1 inch represents. A representative fraction is 
clearer if its denominator is a round figure, as it may 
be when decimal measurements are involved. Mea- 
surements on the map may be in centimeters and 
those on the ground are in kilometers. One tenth of 
a centimeter is a millimeter. On hundred centimet- 
ers make a meter, and 1000 meters make a kilome- 
ter. As close approximations: 2.5 centimeters (25 
millimeters) equal 1 inch, and a kilometer is % of a 
mile (8 kilometers equals 5 miles). 

Witha scale of 1 centimeter to 1 kilometer, the 


1 у 
100,000: With a scale of 2 


centimeters to 1 kilometer, the fraction becomes 


representative fraction is 


SO . This is fairly close to the scale of 1 inch to 1 
mile and is nearer 1% inches to 1 mile. Both scales 
are large enough to give sufficient detail for a 
walker and to put about 20 miles or more each way 
on a plece of paper that is convenient to handle. 

It is possible to use any scale for a map, and it 
is sometimes necessary to have proportions that do 
not use standard measurements. For practical pur- 
poses, it is helpful to be able to use common mea- 
surements on the map. You can then put a rule 
between two points on the map and measure the 
distance in inches and fractions or in centimeters 
and millimeters and do a simple conversion to get 
the actual distance on the ground. Most of us are 
able to estimate distances in inches with reasonable 
accuracy, so we can look at a map of common scale 
and say what the distance is between points with all 
the accuracy we need for the moment. If it is a 
metric map and you think in inches, your estimate in 
inches must be multiplied by 215 to get an estimate 
in centimeters. 

Some scales used for American maps are 
tabulated in Table 2-1. 

As can be seen, some fractions are related to 
English measure and its traditional methods of 
halving, etc., but there is an increasing use of frac- 
tions with round figures as denominators, con- 
forming closer to decimal division practiced in most 
of the rest of the world. 


SCALE INDICATIONS 
Among the information given in the margin of the 


Table 2-1. Representative Scales Used in American Maps. 


Representative 1 inch represents 1 centimeter represents 

Fraction 
1/20,000 
1/24,000 
1/25,000 
1/62,500 


200 meters 

240 meters 

250 meters 

625 meters 

nearly 634 meters 
1 kilometer 
2.5 kilometers 
5 kilometers 

10 kilometers 


about 1667 feet 
2000 feet 

about 2083 feet 
nearly 1 mile 

1 mile 

nearly 1.6 miles 
nearly 4 miles 
nearly 8 miles 
nearly 16 miles 


1/63,360 
1/100,000 
1/250,000 
1/500,000 
1/1,000,000 


map will be a scale. There may be the representa- 
tive fraction and a statement of what 1 inch or 1 
centimeter represents, particularly if this is not a 
round figure. But there will also be a scale drawn, 
and it is this that will probably be of most use to you 
when measuring distances on the map. 

The scale may be in miles, kilometers, or a 
smaller unit—ifit is a large scale map. To avoid too 
much close detail, it is usual to put only whole units 
to the right of zero and fractions of the unit to the 
left (Fig. 2-9A). This means that you measure a 
distance by taking whole units to the right—until 
you cannot get another whole one—then take in 
parts of the unit to the left. If you start using the 
scale from its extreme left, as might have been 
expected, you will get a wrong distance. 

The scale may be a single line with the divi- 
sions projecting from it (Fig. 2-9B) or, more often, 
parallel lines with the divisions between and alter- 
nate spaces shaded or marked with a line (Fig. 
2-9C). What the divisions are depends on the scale 


of the map. For a scale of the main divi- 


1 
1,000, 000 
sions may be at 10 mile intervals and the fractions to 
the left of zero are single miles (Fig. 2-9D). The 
same map may also carry a metric scale, which can 
conveniently be broken down to similar divisions: 
10 kilometer divisions to the right and 2 kilometers 
to the left of zero (Fig. 2-9E). 

If even more of the earth’s surface has to go on 
a map, the scale divisions may be 25 miles or even 
more, and the fractions may have to be 5 miles or 
more. At a small scale, you cannot expect to do 
more than estimate individual miles. At the other 
extreme, a map of a comparatively small amount of 
land may have the fractional part broken down into 





eighths or tenths of a mile (Fig. 2-9F). There may 
be another scale alongside in feet, with the main 
divisions of 1000 feet and the fractional side divided 
into 200-foot spaces (Fig. 2-9G). There may also be 
a metric scale (Fig. 2-9H). As a help for compari- 
son, the zero mark of nearby scales may be kept 
opposite each other, but that is not always done. 
Decimals may be used on metric scales. Be careful 
not to overlook the point, which may not be very 
obvious, particularly if there is no “0” in front of it. 

A coastal map with a large expanse of sea on it 
may also have a scale in nautical miles. If a scale is 
marked miles, it can be assumed they are the nor- 
mal land miles of 5280 feet. These are more cor- 
rectly called statute miles, and they will be marked 
as such if there is also a scale in nautical miles on 
the map (Fig. 2-9J). For practical purposes, a nauti- 
cal mile may be assumed to be 6000 feet. On a chart 
intended for navigation at sea, only nautical miles 
are used; although there is an increasing use of 
metric measure internationally. 


MAP MEASURING 


Where the scale to which a map is drawn can be 
related to a rule marked in inches or centimeters, 
the rule can then be used to measure on the map. A 
little mental arithmetic will give you the conversion 
to distances on the ground. There are scale rules 
available that are marked with commonly used 
scales. They will give direct readings without the 
risk of error that may come with conversion. An 
edge may be marked with two scales in opposite 
directions, usually one being twice the other. A flat 
rule marked on both sides and edges may then have 
eight scales. One with a triangular section can carry 
12: 

Anyone using maps of a particular scale fre- 
quently may find a scale rule worthwhile. For 
large-scale maps or plans, one is particularly useful 
if graduated in fine enough detail for measuring 
sizes of buildings, widths of roads, and such things 
as yard shapes and field sizes. However, most map 
users can manage without a scale rule when travel- 
ling on foot, by cycle, or by car. 

A navigator at sea uses dividers for transfer- 
ring distances from scale to chart or vice versa. 
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Fig. 2-9. Methods of showing map scales. 


They are useful for ordinary mapping, even if they 
are only school dividers or pencil compasses. You 
can set the divider points to the distance on the map 
and move the dividers to the scale to read the 
distance (Fig. 2-10A). Without dividers, you can do 
this along the edge of a piece of paper using pencil 
marks in the relevent positions (Fig. 2-10B). 

The scale drawn in the margin of the map is not 
usually very long in relation to possible distances 


20 


7000 feet 


| kilometer 


30 statute 


eee peu 


10 20 


10 20 neuticel miles 





you may want to transfer. For distances greater 
than its length, you can make marks on the edge of a 
strip of paper, then mark as much of the scale length 
as you can in steps along the edge and make up the 
difference against the scale (Fig. 2-10C). With di- 
viders, youcan step off whole divisions and make up 
the balance from the left-hand part of the scale. 
Usually it is not distances in a straight line that 
are very important. You may have to follow a wind- 


60 miles 





5miles 





Fig. 2-10. Transferring measurements to and from the scale, using dividers or a strip of paper. 
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ing road. In wild country, you may have to go around 
a valley or avoid marshy ground. The distance may 
be considerably greater than a straight line. 

You can set dividers to a short distance taken 
from the scale and step off along the route, counting 
the number of steps to get the total distance (Fig. 
2-10D). You could put a starting mark on the edge of 
a piece of paper and move this around the route a 
little at a time (Fig. 2-10E) until you mark the final 
destination and can measure the length between the 
marks. It is possible to shape a piece of string or 
thread around the route, then straighten it, and 
measure between marks. But it is difficult in many 
cases to keep the string from slipping. With divid- 
ers or paper, you break the route into a series of 
short straight lines. There may be further shapings 
in those parts, so it is wise to add a little to the total 
distance you obtain. 

There are several map measures obtainable 
that depend on running a wheel along the route 
being measured. A simple one has a wheel running 
like a nut on a screwed axle, which is mounted in a 
frame with a handle (Fig. 2-11). To use it, the wheel 
is screwed close to one side of its frame, and then 
run along the route so it unscrews away from the 
frame until it reaches the destination. Without al- 
lowing it to turn until put in position, it is reversed 


along the scale until it comes close to the frame 
again. The distance it travels straight along the 
scale should be the same distance it went along the 
route on the map. 

A variation on this has the wheel on a plain 
axle, but connected by gears to a dial. The dial may 
be marked with a hand passing over one or more 
scales so distances on maps drawn to those scales 
may be read direct after running the wheel along the 
route (Fig. 2-12). For other scales, the hand may be 
set at zero on the dial, then the wheel run along the 
route and reversed along the scale until the hand 
returns to zero to obtain the distances. That sort of 
map measure may have a lens on the handle and a 
compass on the reverse of the dial, with the whole 
thing light and compact enough to be carried in your 
pocket. The rather basic compass usually included 
should be regarded as a reserve. You should have a 
better one for normal use, particularly if you are 
undertaking wilderness travel. 

The world is spherical. A map is flat. Most 
maps we use refer to such a small area of the earth's 
surface that the difference between distances rep- 
resented on the flat paper and the curved earth 
surface they represent is so slight as to be ignored. 
There is a problem of scale when the flat map 
represents a considerable area of the earth. In an 





Fig. 2-11. A map measure for rolling along a route and back along the scale. 
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Fig. 2-12. Amap measure with a wheel to run along the route and a dial showing the scale distance traveled. There is alens at 


the opposite end of the handle. 


extreme case, this can be seen with a map of the 
whole world. A globe is the truest representation of 
the earth. If a flat map of the whole world is com- 
pared with it, places far from the equator will be 
seen to be drawn much bigger than they are more 
correctly represented on a globe. More information 
on this problem is covered in Chapter 5. There are 
many schemes of projection that attempt to make 
allowance for this difference, but no flat map can be 
truly representative of a global surface and scales 
have to vary between different parts of the map. A 
map of the whole United States is big enough to be 


affected. Although allowances are made in project- 
ing the map, distances scaled should be regarded as 
very close approximations rather than precise mea- 
surements. 

The inability of a flat map to deal with long 
distances in seen in diagrams of intercontinental 
flights or long sea voyages. The shortest distance 
between points on a globe is a curved line on a flat 
map or chart. The distance along this apparently 
curved path is actually shorter than along what 
appears to be a straight line, when drawn on the flat 
map. 
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OR MOST OF THE TIME MAN HAS BEEN ON 

the earth, the majority of people have as- 
sumed it to be flat. With their limited local move- 
ments, their knowledge of the earth certainly indi- 
cated that all around them was basically flat. Some 
early scholars may have had ideas about the world 
being spherical, but they were in a minority. Even 
up to about 500 years ago most people thought the 
world was flat. When Columbus, Cabot, and other 
great explorers sailed west from Europe, many 
people, including some on board their ships, ex- 
pected them to fall off the edge of the flat earth. It 
was not until Cook and other explorers continued to 
sail west, and eventually arrived home in a circum- 
navigation, that the round shape of the earth be- 
came an accepted fact. (There is, however, still a 
Flat Earth Society.) 

If you can identify the place where you are 
standing as a spot on a map, you know where you 
are on the map. That does not allow you to discover 
directions on the ground from the map. You can turn 
the map in any direction, but you cannot tell which 


24 


way you are facing. If there is some landmark visi- 
ble from where you are standing that is also marked 
on the map, you can turn the map so an imaginary 
line between where you are and what you see on the 
map is parallel with your sight line on the ground. 
The map has then been set in relation to the ground 
and other places on it will be in their correct rela- 
tive positions on the ground. 

That is acommon way of relating a map to the 
part of the earth’s surface that it represents. Some 
other way of identifying directions is preferable, for 
use in any circumstances, such as when you are 
using a map at home to plan a journey elsewhere. 
Compass directions are the answer. We all know 
that a compass points north, so if north is indicated 
on a map we can relate actual directions with those 
drawn. 

The Chinese are credited with discovering 
that a free-swinging magnet will settle on a north- 
south line. They used naturally magnetic iron ore 
called lodestone, and floated it in a little boat in a 
bowl of water, to function as the first primitive 


compass. Modern magnetic compasses use the 
same principle, even if their sophisticated make-up 
gives them the appearance of greater complication. 
There are compasses that do not depend on mag- 
nets that can be used in ships and on aircraft, but 
these are large, fixed, and are unsuitable where 
portability is important—as it is for most map 
users. 

Even the believers in the flat earth appreciated 
the value of a compass, although they may not have 
understood exactly where it was pointing. North 
was a direction, but what was attracting the com- 
pass that way was a mystery. Man had not yet been 
very far into the polar regions either way. 

With the realization of the shape of the earth 
and the knowledge that it turned on an axis through 
the North and South Poles, the poles became fixed 
points that could be used for navigation. Man had 
found his way using natural landmarks and by ob- 
serving the sun and stars, but these were not as 
definite as the use of North and South Poles. Globes 
were made as the obvious alternative to flat maps to 
give a truer representation of the earth's surface. 


The science of navigation that we know today was 
founded. 

It is still necessary to use flat maps as rep- 
resentations of parts of the earth's surface, even for 
long-distance flights, because parts of a globe of 
sufficient size would obviously be impractical as a 
portable piece of navigational equipment. Flat 
maps, however, are projected in such a way that 
allowance is made for the curvature of the surface 
they represent, and this can be seen by lines on 
them, which are described later. The area covered 
by most of the maps we use might be regarded as 
flat without noticeable errors, but anyone using a 
map ofa large area for along-distance journey needs 
to allow for the way the spherical shape has been 
opened to flat—a straight line around the globe is a 
curved line on the map. 


SIMPLE COMPASSES 


It is possible to improvise a compass to see how the 
early users discovered its properties. Iron and steel 
can be magnetized. No other metal can. If a steel 
needle is stroked one way with an existing magnet, 





Fig. 3-1. Improvised compasses and a simple needle compass. 
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it will acquire some of its magnetism. There are 
ways of magnetizing using a coil of wire with a 
current through it, but getting the magnetism from 
an existing magnet is simpler. Cut a disc from a 
bottle cork or make a small light wooden boat and 
put the needle on it in a bowl of water (Fig. 3-1A). It 
should swing to settle at a north-south direction as 
it finishes gyrating. 

Another way of supporting the needle is to 
attach a long hair to its point of balance with a small 
piece of clay (Fig. 3-1B). If you hold the other end of 
the hair and let the needle hang, it will eventually 
come to rest on a north-south line. This is more 
portable than a floating needle and might be 
used—at least experimentally —for finding your 
way. 

The simplest compass that may be bought has 
a needle supported with a bearing on a pointed pivot 
that is free to rotate. This is in a circular case with 
glass or plastic cover close enough to prevent the 
needle bearing from lifting off its pivot (Fig. 3-1C). 
One end of the needle may be colored to indicate 
north, or it could be pointed or otherwise shaped so 
that there 1s no doubt about the way it 1s pointing. 
Otherwise, you could read it in the opposite direc- 
tion. 

A snag with such a compass is that you have to 
wait for the needle to swing from side to side and 
settle eventually on the true bearing. In many com- 
passes this tendency to swing is dampened by 
sealing the case so the needle moves in alcohol or 
other liquid. The effect of this is to bring the needle 
to its final true position after only slight swinging. 
This is valuable at any time, but is particularly 
important if you are reading the compass in a vehi- 
cle, on horseback, or while running. Shaking will 
prevent a dry compass from settling. 

Compasses used for the navigation of ships and 
aircraft are often more complicated, but for the 
traveller by foot, cycle, horse, canoe, or car a com- 
pass with the operation provided by a single needle 
damped by a liquid is all that is required. 


COMPASS DIRECTIONS 


Besides north, the basic directions are east, south, 
and west at 90° intervals taken clockwise (Fig. 
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3-2A). These are the universally accepted cardinal 
points. Intermediately there are points at 45? indi- 
cated by putting together the cardinal points each 
side of them, with N or S first (Fig. 3-2B). Less 
commonly used are the intermediate points indi- 
cated by putting together the points each side of 
them, with the single letter first (Fig. 3-2C). The 
old-time seaman, who regularly used these terms, 
tended to leave out the "th" and speak of "nor-nor- 
west” instead of "north-north-west," and “east- 
sou-east" and "sou-sou-east" where appropriate. 
Besides those 16 points, the seaman had a total of 
64 points. 

If you have difficulty in remembering the di- 
rections east and west, imagine facing the sun 
(south). East has an initial before west. Left has its 
initial letter before right. The early initials go to- 
gether (L and E) and so do the later ones (R and W). 
The 64 divisions were suitable for reading on a 
tossing ship, but they were not very scientific. It is 
better to use degrees (such as are used for dividing 
a circle). 

On most compasses, reading is done clockwise 
starting and finishing at north (Fig. 3-2D). In prac- 
tice, single-degree markings are too fine and it is 
more common to mark at 2-degree intervals. A 
modern compass user tends to name the eight main 
lettered markings, but use degrees for other direc- 
tions when laying a course. It is worthwhile know- 
ing what is meant by the 16 lettered directions, but 
degrees are the usual terminology. The whole cir- 
cular pattern, no matter how it is marked, is called a 
rose. The circle on which it is drawn may be called a 
card. 

With degree markings north, is 0? or 360°, 
east is 90°, south is 180°, and west is 270°. Inter- 
mediate angles that may be lettered, such as NW at 
45°, are easily defined. But except for the four 
cardinal points, it is usual to define directions in 
degrees. Thus, you speak of a bearing of 225° 
rather than southwest. For most bearings, the 
nearest you are usually able to judge an angle is at 
2° intervals, which will be marked around the rim, 
base, or card of the compass. 

Degree markings are in general use through- 
out most of the world. It is unlikely that you will 


Fig. 3-2. Examples of compass points and degree markings. 


need to know any other markings, but there are two 
that may be met. For use with the metric system, 
there are grads. In a complete circle there are 400 
grads. This means that a right angle of 90° is the 
same as 100 grads, so south is a bearing of 200 grads 





instead of 180°. In the metric system, the grad is 
further divided into centigrads, which are one- 
hundredth of a grad, or centisimal minutes. That can 
be further divided by 100 into milligrads, but these 
smaller angular measures are much finer than any 
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map user need bother about—any more than the 
smaller division of degrees into 60 minutes and then 
into 60 seconds. 

Another system divides the complete circle 
into 6400 mils, so 90° becomes 1600 mils. This is 
less frequently used and has military applications 
for gunnery. 

There are three ways of arranging the compass 
card. The markings may be on the bottom of the 
case, so the needle swings over them (Fig. 3-2E), 
or on the bezel or rim of the case, so the needle 
points at them (Fig. 3-2F). In both cases, the whole 
instrument has to be turned round to bring the north 
marking opposite the end of the needle before a 
reading can be taken. In another case, the card is a 
disc attached to the needle so that it turns with it 
(Fig. 3-2G). With this type, the markings are al- 
ways in the correct relation to the needle and the 
extra action is avoided. 

Having a floating card rotating with the needle 
is simpler, and particularly suitable where the com- 
pass is mounted in a car or ship. Afloat, the compass 
is in gimbals so it remains level, whatever the 
motion ofthe ship. The case containing the compass 
and gimbals is called a binnacle. The card rotates 
with the needle, and a point that coincides with the 
fore-and-aft direction of the ship, is called a lubber 
line and is marked on the forward edge of the com- 
pass case (Fig. 3-2H). The reading of the calibration 
opposite this is the compass heading of the ship. A 
car compass may have a domed card and a reading 
showing at the side of its case, but its action is the 
same as the flat card of the mariner's compass. 

Floating cards are found in other compasses, 
but the type mostly used for general map reading 
and navigation on land has the calibrations on the 
rim and a needle alone inside (Fig. 3-3). To obtain a 
bearing with this type, where the complete com- 
pass part can be turned in the rectangular base, the 
case is turned until the north marking comes oppo- 
site the north end of the needle. The direction is 
sighted across the markings on the base, and the 
bearing is read at the mark serving as a lubber line 
visible through or near the rim. With this and any 
other hand-held compass, it is important that the 
instrument is held level. The needle will function at 
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a slight tilt, but at too much angle it will become 
lodged and cease to move. 

This type of compass is popular for general use 
with a map. The base of the compass and the 
rectangular piece on which it rotates are transpar- 
ent. There is at least one lengthwise line on the 
base for setting. Edges are calibrated and there may 
be a built-in magnifier. Vital parts may be luminous 
for use at night. 


COMPASS READING 


It is important to avoid errors of parallax. These are 
due to looking at a compass at an angle. You may 
think the needle is pointing at the letter N, when it 
is actually a little way out. If you look directly down 
on to the compass that can be avoided. There are, 
however, occasions when you want to look across 
the compass. A help then is a series of lines across 
the base of the compass parallel with north direc- 
tion, as can be seen in Fig. 3-3. 

This problem is accentuated in the cockpit of 
an airplane where practical considerations make it 
necessary to mount a compass where it has to be 
viewed at an angle. One type of airplane compass 
has two parallel lines indicating north and south on a 
cover glass inside a calibrated rim. The compass 
below has a line and arrow indicating north and a 
mark showing the fore-and-aft direction of the 
airplane (Fig. 3-4). If the calibrated rim is turned to 
get the desired heading opposite the mark and 
locked there, the pilot turns his plane until the 
north-south line of the compass can be seen to be 
parallel with the lines on the cover, and he knows he 
is going the correct way. 

Looking across a compass may give sufficient 
accuracy for many purposes, but for greater preci- 
sion there are compasses with sighting arrange- 
ments, usually a pair of sights (comparable to rifle 
sights) and a prism that allows you to read the 
bearing on a rotating card without moving your eye. 
One type, favored at sea, has a vertical handle 
containing a battery and flashlight that can be used 
to illuminate the markings at night (Fig. 3-5). 

Such a compass would be too bulky for normal 
use by a walker, but there are other folding sighting 
or prismatic compasses — which give the advantage 





Fig. 3-4. An airplane compass with a rotatable rim and grid. 
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Fig. 3-5. This hand bearing compass has a prism below the 
sight, so the liquid-damped card can be read through it as the 
object is sighted. 


of an accurate means of sighting coupled with an 
instant reading—that are light and compact enough 
for any transport (Fig. 3-6). They will go ina pocket 
or may be carried on a cord around the neck. There 
are several versions used by military personnel of 
many countries and these are sometimes available 
through surplus sources. 


ERRORS AND DEVIATION 


Any compass can be deflected by iron or steel 
nearby. Make sure that when you use a compass it 
is as far as possible from these metals. Electrical 
gear can also affect it. Any compass in a car can only 
be an approximate instrument. If you need to navi- 
gate acar with accuracy, you should stop and take a 
hand-held compass some way from the car to read 
It. 
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Other possible causes of deflection are steel- 
rimmed glasses, a mountaineering helmet contain- 
ing steel or, at waist level, a steel belt buckle or a 
knife hanging on your belt. Keep away from iron 
tanks or steel fence posts. Operating electrical 
equipment can have a magnetic effect for some way 
and even a wire carrying current near a compass 
may affect it. ` 

We talk about a compass needle pointing 
north, but it does not point exactly to the North 
Pole. What is attracting it is a magnetic field some 
way from the pole. From most points in the United 
States the compass needle will be found to point 
west of true north. This is called magnetic north. 
There is a slight movement in the magnetic field. 
For general mapping purposes this is not enough to 
matter. What the angular difference is between 
magnetic north and true north will vary according to 
where you are. This is shown in the margin of a 
map, with an arrow pointing true north and another 
pointing magnetic north, as the difference would be 
at the center of the map. The deviation or declina- 
tion ona map of part of the eastern states is about 7° 
(Fig. 3-7A). 

It is usual for a map to be laid out so true north 
is at the top, but it would be unwise to always 
assume this and the compass arrow in the margin 
should be checked. A simple arrow is usual, but 
there are variations (Fig. 3-7B), particularly on 
maps intended to be decorative as well as useful. 
On anautical chart there are several complete com- 
pass roses drawn. This is because a navigator needs 
to read off courses on the chart by lightly penciling 
them and taking parallel rules or other devices 
across the chart to repeat the course through a 
compass rose and to read the actual bearing from it. 
At one time, a complete compass rose might have 
been found on a land map, but that would be unusual 
now. 

If a map is drawn showing the route of a road or 
other feature elongated, it may be more convenient 
to have north other than at the top to bring the map 
vertical or horizontal to suit the paper (Fig. 3-7C). 
If it is a road or river that changes directions, it can 
be broken into separate sections with the north 
direction different on each section for a neat layout 
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card. 


on a page (Fig. 3-7D). That does not matter, and 
each piece of the map can be set with a compass, but 
it emphasizes that it is unwise to assume that north 
is always at the top. 


DIRECTIONS FROM THE SUN 


There are ways of finding compass directions with- 
out a compass, particularly by using the sun and 
stars. Observations of nature may give you a guide, 
but not great accuracy. 

The sun rises in the east and goes through an 
arc southwards to set in the west. The sun is high- 
est and nearest south at noon: that means local 
noon, which is not necessarily noon on your watch. 
In the summer, noon in states that have daylight- 
saving time will be at 1 P.M. on your watch. For 
accuracy, you need to know where the time in your 
zone is set. Supposing you are about 100 miles west 
of that, local noon will be nearly 10 minutes later. 
For most purposes, that may not matter. For prac- 
tical purposes, the sun is east at about 6 A.M. and 
west at 6 P.M. Add an hour if your watch is set 1 hour 
fast. 





Fig. 3-6. A sight is taken across the bearing compass and the prism adjusted with the side knobs to show the reading on the 


If you have a watch that you know to be reason- 
ably accurate or, better still, a radio set on which 
you can get a time signal at noon, you can determine 
a north-south line by putting a stick vertically in flat 
ground so the sun casts a shadow of it. At noon, put 
a small stick or pebble at the end of the shadow. A 
line through the stick and the pebble will run north 
and south, with the pebble at the north end (Fig. 
3-8A). 

If you cannot check the time, it 1s possible to 
use a similar method. When you judge the sun is 
approaching its highest point, set up the vertical 
stick and mark the end of a shadow. Wait and do this 
again and continue placing pebbles. You will find 
that the shadows will get shorter and then start to 
lengthen again (Fig. 3-8B), due to the sun working 
up to its zenith and then passing it. A line through 
the base of the stick and the pebble marking the 
shortest shadow will be approximately north and 
South. 

That method applies to any part of the world; 
the sun's apparent movement is the same any- 
where. Accuracy is easier the further you get from 
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Fig. 3-7. Methods of indicating north on a map. Strip maps with north directions altered to bring the maps within the borders. 


the equator as the shadows are then longer and 
differences are easier to see. Nearer the equator, 
the shadows are shorter and at the equator the sun 
is overhead at noon. 

You can use a watch that has hands, and is 
known to be correct, to get a close approximation of 
north. This is effective in the north temperate zone, 
but is less accurate if the arc of the sun goes very 


high or very low. You can get good results in most of 
the United States. 
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For the basic method in North America, hold 
the watch level and point the hour hand at the sun, 
and then bisect the angle between the hand and 
noon (1 P.M. for daylight-saving time). That line 
through the center ofthe watch runs north and south 
(Fig. 3-8C), with north on the side of the watch 
away from the sun. 

A problem with that method is being certain 
that the hour hand is pointing exactly at the sun. A 
more accurate way uses a knife blade edgewise to 


the sun or a pin or other thin object held vertically the arrangement the other way round by turning the 
over the center of the watch, so that it casts a watch through 180? (so that north is the other di- 
shadow along the hour hand (Fig. 3-8D). That puts rection in relation to the watch face). 





Fig. 3-8. The shadow cast by the sun can be used to find north, either on the ground or with a watch. 
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USING STARS 
At night, ifthe stars are visible, you can make use of 
the North Star, which is over the North Pole. All 
other stars appear to move around it. It can be seen 
from anywhere in North America. The North Star is 
not one of the most prominent, but there is a con- 
stellation that is a good guide to it. This has many 
names, including Great Bear, Plow, and Big Dipper. 
The last two give a clue to its shape. There are 
seven stars, and the two at the end are on a line that 
can be extented to reach the North Star (Fig. 3-9A) 
at a distance equal to six to seven times the distance 
between these pointers. A help to confirm your 
findings is the “М” or "W" formation that keeps the 
same relationship to the Big Dipper. Remember 
that the formations are moving around the North 
Star. What you are looking for might be upside 
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down or in some other posture, depending on the 
time of night you make your observations. 

Viewers in the Southern Hemisphere are not 
as well provided for. There is no star over the South 
Pole to use as a guide. Instead, there is a constella- 
tion of the Southern Cross, with two stars that point 
to a position over the South Pole (Fig. 3-9B). You 
have to estimate the distance, which is 4% times 
the distance between these two stars to the point 
above the pole. Two other stars called Pointers help 
in getting the estimated location. A line square to a 
line between them should cross the other projected 
line at the position above the South Pole. 


USING NATURE 


Natural signs that are helpful in finding directions 
cannot always be relied on as individual indications. 


North Star 
> 


— 


South Pole 





Fig. 3-9. The Big Dipper constellation can be used to find north in the northern hemisphere, orthe Southern Cross may be used 


in the southern hemisphere. 
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There are always exceptions. Anyone with a little 
skill in woodcraft will observe several things and 
average his findings, therefore allowing for signs 
that do not conform to the rule. 

Moss is expected to be more plentiful on the 
north side of a tree than on the south side. This is 
because it favors moisture, and moisture does not 
usually dry out as much on that side, away from the 
heat of the sun. Examples most likely to conform to 
the rule are upright and sufficiently isolated to be 
exposed to the sun. A tree in the middle of a forest 
or one bent or twisted is unlikely to be a reliable 
guide to direction. 

If there is a prevailing wind, trees and plants in 
exposed places will tend to bend away from it and 
develop more on the side away from the wind. A 
southwest wind is commonest in many places, and 
so trees affected will slope to the northeast and 
there will be more branches and foliage on that side. 

A botanist may be able to recognize the north 
and south sides of a hill from the plants growing on 
it, but it is not possible by observing single plants 
only. He has to generalize and get his results from 
seeing which plants favor exposure to the sun and 
which can grow with less exposure to it. The less 
expert observer is unlikely to get much help from 
plant life. 

There is a plant which is known as a compass 
plant. It may also be called rosin weed and has the 
Latin name of Silphium laciniatum. Its home is the 
prairie area of the Mississippi basin, but was once 
more widespread. This tall plant has leaves with 
their section vertical instead of the more normal 
horizontal, and they point in a north-south direc- 
tion. The flower heads tend to point eastwards 
without much variation. The majority of other flow- 
ers move with the sun. 

Two other plants with leaves giving similar 
indications are prickly lettuce and prairie dock. The 
effect on the leaves is due to receiving the sun on 
opposite sides and has nothing to do with mag- 
netism. This means that the indications are only 
reliable if the plant is away from shade and not 
affected by high winds. 

There may be local wilderness signs. It may be 
worthwhile consulting a local woodsman. The top of 


a tall pine usually has a tendency to lean toward the 
rising sun. Tree trunks tend to thicken toward the 
north and northeast, but that 15 difficult to observe. 
A large, old tree may have bark thicker in that 
direction. If you find a tree stump left after cutting 
cleanly across and can see the annual rings, their 
greatest width will usually be that way. Therefore, 
the center (or pith) will be toward the south or 
southwest in the majority of trees. 

With observations of natural things, one 
example may give you a clue, you need another 
example to confirm it, or you may have to average 
results. Another example may confirm your find- 
ings, but if you find the trees are contradictory, you 
cannot trust any and may have to look for other 
signs that may prove one or more of the earlier 
signs are correct. That is woodcraft and it is outside 
the scope of this book. The modern explorer in 
wilderness country is unlikely to be without a com- 
pass and map. Natural things are interesting and can 
be checked when found. If an emergency arises, you 
should know how to make use of what nature has to 
tell you. 


COMPASS ADJUSTING 


If a compass in good condition is used sufficiently 
remote from the influence of iron and steel or elec- 
tric current, it should give you accurate readings on 
any bearing. If it is affected by nearby interference, 
this will vary according to direction—so much so 
that the error could be enough in some directions to 
be as much as 90°. Obviously, the compass is then 
useless. When you are using a hand-held compass, 
you must make certain it is away from interference 
when you read it. If the compass is mounted perma- 
nently somewhere, it may have to be corrected, as 
far as possible, to allow for nearby interference. 
This applies especially to compasses in use 
afloat in anything from a tiny yacht to the largest 
liner. In ocean travel, there are none of the land- 
marks that we can use ashore to check direction, 
and an error of only a few degrees could be serious 
on a long voyage. Compass adjusting is a skilled 
occupation. The ship's compass is corrected with 
additional small magnets to get the minimum errors 
on all headings. Even with electrical gear and iron 
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parts kept away from the immediate area of the 
compass, there will be errors to correct. When the 
best adjustments have been made there will still be 
slight errors. A list of these at various headings will 
be kept on a card near the compass. The deviation 
card may be a list of bearings at, perhaps, 20° 
intervals, or it may be a diagram of a compass rose 
with another circle similarly marked a little way 
outside it, with lines from one to the other accord- 
ing to errors. If a particular course is to be steered, 
it can be noted on one calibration and a line followed 
to the other calibration to discover how the ship has 
to be headed in relation to the compass to be on that 


course. 

Fortunately, it is uncommon for such adjusting 
to be needed ashore, but it does arise with a com- 
pass in a car as well as on boats used on inland 
waters—even in a canoe —if it is mounted and there 
may be iron or electrical gear on board. 

The position of mounting a car compass de- 


pends on a compromise between putting it where it 
can be seen and keeping it away from interference. 
In the first locating of the compass, it is advisable to 
compare it with another compass held some way 
away from the car—with and without the engine 
running and with the car pointing in several direc- 
tions. There will be errors, but try to find the 
position where they are least and then mount the 
compass there. 

A car compass may have a view through a 
window in the side or there may be a transparent 
dome with the card visible through it. In any case, 
the card will be in a fluid to dampen its swinging and 
there will be a mark you are to read the direction. 
The mounting should have an adjustment so you can 
get this lubber line and the center of the compass on 
a line parallel with the fore-and-aft line of the car. 
Set this correctly and tighten the screws or other 
attachment to lock it. 

On the compass are two or more adjusting 





Fig. 3-10. This car compass has a liquid-damped card and screws below for adjusting to reduce errors due to surrounding 


Steel. 
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Fig. 3-11. Car and separate compass positions for setting a car compass. 


screws (Fig. 3-10). These control magnets that you 
can adjust to reduce deviations in various direc- 
tions. Before putting the compass in the car, and 
while keeping it away from iron or electrical inter- 
ference, “zero it in’ by adjusting the screws so it 
reads correctly. It is largely a matter of trial and 
error; average out the faults until you have them as 
small as you can get them. A compass in a car is ina 
bad location anyway. You will not achieve perfec- 
tion. In many cars it will be far from true in some 
directions. If you know this, and can allow for it, the 
car compass will serve as a general guide. When 
you need to use a bearing with some precision, you 
will have to stop the car and get away from it to use а 
hand-held compass. 

Use a compass away from the car as a guide to 
setting the car so it is facing north (Fig. 3-11A). If 
the compass in the car is also showing north you are 
lucky. If it does not, turn the adjusting screws until 
the car compass reads correctly. Because a steel 
screwdriver would affect the compass while you are 
turning the screws, file a screwdriver end on a 


piece of brass rod or taper the end of a piece of 
wood. The screws should turn easily. 

With the guidance of the outside compass, turn 
the car to face east (Fig. 3-11B). Check the car 
compass again. There will have to be some adjust- 
ing, but keep this to a minimum. Repeat with the car 
facing south and west (Fig. 3-11C). Each adjust- 
ment will affect previous ones. From the first cir- 
cuit you will have to estimate what settings will 
give you the closest approximations in all direc- 
tions, then go back to each heading again and try 
averaging the adjustments until the arrangement is 
as close as you can get it. 

Ideally, you get a result that is not very far out 
in any direction. In some cars, it is possible to get 
quite close results in three directions, but the ad- 
justments to get that put the other direction a long 
way out. You may have to decide that the compass 
can be trusted in all directions except, for instance, 
easterly, when it will have to be ignored. 

Ship compass adjustment allows for a great 
many headings, but with a car compass, which is 
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only an approximate guide in any case, it should be 
sufficient to adjust on the four cardinal points only. 
When you have your compass adjusted as close as 
you can, make а note of the errors on a card or label 
kept close to the compass. You will then know that, 
if you want to head the car north, you have to follow 
the compass slightly west of north (or whatever the 
error is). For intermediate headings between the 
four noted errors, you have to judge what allowance 
to make. 

There may be a difference between when the 
car engine is running and stopped. It is better to do 
the adjusting while the engine is running because 
that is the condition when you are likely to use the 
compass. If the engine and car are stopped, you can 
get out and use another compass away from the 
vehicle interference. 

Try windshield wipers. They are plated steel 
and could cause the compass to move with them and 
give a different reading from when they are not 


working. You may have to remember to only read 
the compass when they are stopped. You can proba- 
bly locate the compass far enough away from the 
wiper motor for that not to affect it. Screws in 
automobiles are normally steel. If there are any in 
the vicinity of the compass, you might replace them 
with brass screws before adjusting the compass. 

When using a map while travelling in a car, it is 
always best to orient by using landmarks. That is 
the normal way; in any case, you usually know what 
road you are on. The compass can be useful if you 
are doubtful, and come to а junction and do not know 
if you should turn right or left. Even with its errors 
it should tell you that much. If you are using an 
off-road vehicle to go across unmarked country, it 
may be wiser to decide on a course with a hand-held 
compass away from the car. Then note the car 
compass reading, and keep to that even if it differs 
from the other compass. At intervals, check and 
correct your course— if necessary. 





Fig. 3-12. With the map set with a compass, a bearing can be read across the compass. 
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PROTRACTORS 


You can use a compass to find a bearing on a map by 
putting the compass over the map and turning the 
map until the map’s magnetic north and the com- 
pass’s calibrated north coincide. If you put the 
center of the compass over the point you want to 
take the bearing from, a straight edge through the 
compass center and the place for which you want 
the bearing will pass over the marks around the 
compass dial or card. You can then read the bearing. 

That method is satisfactory except for several 
possible difficulties. If the compass has a trans- 
parent base, it can be located fairly accurately. If it 
has an opaque base you have to estimate the posi- 
tion. There is a way out of that difficulty; the com- 
pass does not have to be placed directly over the 
spot from which you want the bearing. Pencil a line 
between the sighting place and the one being 
sighted. Put the compass anywhere over the line 
and turn map and compass until they both point 
north (Fig. 3-12A). See that the compass is central 
on the line. Even if you cannot see through it, it can 
be brought to the exact position by getting it located 
50 opposite bearings agree. The bearing at one 
sides should be 180° more or less than the other. 
This is called a reciprocal bearing. If the bearing one 
way is 30° the other should be 210°. If one bearing 
is 157° the bearing the other way is 337° (Fig. 
3-12B). Manipulate the compass over the line until 
opposite bearings match. Then the one in the di- 
rection you want is the correct bearing. 

This may be satisfactory in the open when you 
are using the map as a guide to a route you are 
travelling at the time, but suppose you have a map 
spread out on the table at home and are planning a 
future trip. It would be a nuisance if you had to turn 
the map upside down and continue reading it that 
way for the sake of orienting it to suit the compass. 
If it is a compass where the needle swings over a 
marked base or rim, and not one where the card 
turns with the needle, you could turn the markings 
to match north on the map and ignore the needle. 
You are then using the compass for something dif- 
ferent than what it is intended, and there is a better 
instrument for use in this way. 

The instrument is a protractor, which is a de- 


vice with a baseline having a center marked on it, 
then a rim marked in degrees from that center. 
Some protractors are made of wood or other opaque 
material, but for mapping a transparent plastic is 
more useful, so you can see map details through it. 
A protractor may be round or semicircular (Fig. 
3-13), but many other shapes are possible. If a 
protractor is made rectangular, it gives you straight 
edges for drawing lines and one or more edges for 
scale markings, where they do not conflict with 
degrees. Angles are the same whether they have 
their degree markings on curved or straight edges 
(Fig. 3-144). 

Another advantage of a rectangular transpar- 
ent protractor is that there can be one or more cut- 
outs for such things as measuring proportions in a 
grid square (Fig. 3-14B). It is also possible to have 
scales drawn away from an edge (Fig. 3-14C), as 
you can see through when you apply them. There 
have been protractors obtainable with a considera- 
ble amount of information on them, but it is impor- 
tant to remember the prime purpose of a protractor 
and avoid complications that might make it difficult 
to read degrees. 

Accuracy is easier to obtain with a large 
protractor—the further the markings are from the 
center, the less risk there is of an extended line 
through a bearing being inaccurate. A very large 
protractor may be cumbersome, however, and a 
diameter no more than 6 inches is a reasonable 
choice of size. 

To find a compass bearing on a map (called an 
azimuth), pencil a line through the points concerned — 
and draw another line north and south across it (Fig. 
3-15A). If the edge of the map is north and south, 
you can use that instead, if you extend the bearing 
line to it (Fig. 3-15B). 

Put the center mark of the protractor over the 
crossing and the 09/180? line through that on the 
north/south line so that you can read the bearing on 
the rim (Fig. 3-15C). The baseline on a semicircular 
protractor may be the actual edge or a line drawn 
parallel to it on a transparent instrument. Be careful 
to get this positioned correctly. 

Many protractors are designed for drafting and 
other purposes besides mapping, and are marked in 
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Fig. 3-13. Two transparent protractors for measuring bearing angles on maps. 


degrees both ways. Use only the clockwise mark- 
ings for compass directions. Some protractors are 
marked in 90° segments for other purposes. A de- 
gree is the same whatever the numbering, but 
examine a strange protractor and be prepared to 
adapt the readings on some. 

A protractor can be used to find the angle 
between two directions when neither is north and 
south. Suppose you want to find the angle of a 
church in relation to a road from which it is visible at 
a certain point. Draw a line through the point on the 
road and the church (Fig. 3-15D). If you place the 
protractor over the crossing, with the zero line 
along the road, you can read off the angle of view of 
the church in relation to the road view point (Fig. 
3-15E). 


PELORUS 
There 15 а further aid to measuring angles on a map 
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or in relation to landmarks on the ground. This is 
really a protractor on a compass base, marked in 
degrees, but without a magnetic needle. One type 
looks like a compass from which the needle has 
been removed. A protractor may have an arm ar- 
ranged to turn on its center (Fig. 3-13). The trans- 
parent arm has a line marked along its center. 
Therefore, you can turn it to the direction you want 
to read and can see through the arm where the line 
crosses the calibrations on the rim (Fig. 3-16A). 
There could be a scale marked along the arm, which 
gives you along reach over a penciled line or may be 
long enough to reach the destination point without a 
drawn line. Putting an arm on a protractor makes it 
a pelorus (the name comes from the reputed name of 
Hannibal's pilot). The arm is arefinement that helps 
when measuring angles, either in relation to north 
or the direction of a road or other route. 

Another pelorus has the circular compasslike 


base markings, but over them turns an arm with 
sights (Fig. 3-16B). For precise measurement of 
angles in surveying or for other exact purposes, the 
sights may be telescopic and capable of adjusting to 
minutes and seconds between degree marks. For 
general use in mapping, a much simpler pair of 


sights like those on а пе will serve (Fig. 3-16C). If 
the degree calibrations come outside the length of 
the arm, it may be pointed to give the angle sighted 
(Fig. 3-16D). If the arm is longer, it can be trans- 
parent with a line over the calibrations or it can be 
cut away form viewing through. 





Fig. 3-14. Protractor calibrations may be on straight or curved edges and other information may be provided in the body of the 
instrument. 
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Fig. 3-15. A protractor may be used to obtain a bearing in relation to north on the map, or it can be related to a road or other 
feature. 


Such a pelorus can be put on a map and used as 
described, but it is also intended for use in the field 
where it is particularly useful for getting a bearing 
of a point in relation to a route. Suppose you are 
standing on a straight road at acrossing that you can 
identify on a map. It helps to support the map on a 
flat and level surface. It may be a board, the top of a 
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fence, or the roof of саг. You do not have to worry 
about the possible deflection that steel nearby 
would cause to a compass in the same location. 
First have the pelorus arm pointing through 
09. Turn the whole instrument so you can sight 
along the road (Fig. 3-16E). Without moving the 
base, turn the arm until you can sight the landmark 





Fig. 3-16. An arm extends the usefulness of a protractor (A). Sights over a protractor make it into a pelorus (B,C,D) for taking 
sights in relation to a road (E,F). A pencil will serve as an improvised pelorus (G,H). 
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Fig. 3-16. Continued. 
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that interests you and read its relative bearing (Fig. 
3-16F). That is the angle between road and the 
direction of the object. There may be several simi- 
lar landmarks in the same general direction and you 
want to identify one of them. If you return to the 
map and use the pelorus or a protractor, you can 
draw a line at the angle you have found. It should 
pass through the symbol of the landmark. 

A cruder way of improvising a pelorus, that 
may still be sufficiently accurate for your purpose, 
is to use a pencil for sighting. Have the map on a 


level surface. Put the pencil along the road on the 
map and sight along it as you sight it the same way 
as the road on the ground (Fig. 3-16G). Do not move 
the map, but turn the pencil—with one side through 
the point representing where you are standing— 
until you can sight the landmark (Fig. 3-16H). Draw 
along its side. That might give you all the informa- 
tion you need (by locating the landmark with its 
symbol on the map). If you need to know the angle, 
it can be measured with a protractor or the calibra- 
tions of a compass. 
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Heights 





MAP IS A FLAT TWO-DIMENSIONAL THING. 

The surface of the earth it represents may be 
flat and horizontal, but is more likely to be undulat- 
ing, even to the extent of differing in level by many 
thousands of feet in the area represented by the 
map. There is no way that a map can be shaped to 
reproduce scale heights, except by being made into 
a three-dimensional model. Such models are some- 
times made for display, but they are necessarily 
bulky and heavy and would not be suitable for car- 
rying with you as you explore the area represented. 
A model may be put in a visitors’ center, or similar 
place, and it then gives a good idea of the terrain to 
be visited. Once away from this three-dimensional 
model, the map user has to depend on his flat and 
folded sheet of paper. 

Without any indication of changes in heights of 
the land represented, the reader of a map may 
assume that the shortest route between two points 
is a straight line on the map (Fig. 4-1A), when there 
is actually a mountain or hill in between (Fig. 4-1B). 
It might be an impassable ravine instead of rising 
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land. In either case, the shortest practical, and 
maybe only, route has to follow a curve to miss the 
obstacle (Fig. 4-1C). We need a map that shows us 
variations in the heights of land. 

This is best done by contour lines. A contour 
line is drawn on a map to represent an imaginary 
line on the ground through points that are all at the 
same elevation. Contour lines are drawn to indicate 
different heights. The interval between them varies 
according to the scale of the map, the type of surface 
represented, and many other considerations. The 
height interval should be indicated in the legend or 
the margin of the map. If the land represented does 
not vary much in height, contour lines at fairly close 
height intervals will be needed if they are to be of 
much use. In mountainous areas, such close vertical 
intervals would result in lines being so tightly 
packed as to be confusing, and a wider interval has 
to be used. 

The application of contours can be illustrated 
by using a built-up wood block. Imagine many 
pieces of wood temporarily joined together, and 





Fig. 4-1. The straight line route between two points (A) may be impeded by high ground (B) and a route around may have to be 
used (C). 


then turned in a lathe to make a cone (Fig. 4-2A). If 
the pieces are separated, each will show a different 
size circular shape to the next (Fig. 4-2B). If the 
shapes are drawn in the correct relation to each 
other, you get a plan or map of the cone with its 
shape at different levels (Fig. 4-2C). 

Suppose the cone is turned with a concave 
profile (Fig. 4-2D). The shapes at the different 
levels will still be round. Although they will not be 
spaced at even intervals on the flat plain, they will 
be further apart at the lower levels than at the top 
(Fig. 4-2E). Suppose the cone is turned so the 
profile is convex (Fig. 4-2F). The resulting circles 
on the flat plan will be closer on the outside than 
they are toward the center (Fig. 4-2G). Knowing 
this, you can interpret a plan to tell us if the cone it 
represents has a steady slope from its base to its 
apex or if the slope of the side is concave or convex. 
With a little experience, you could decide if these 
slopes were more at the bottom, top, or regular all 
the way. The same reasoning can be used to vi- 
sualize the forms that hills and valleys take (from 
reading their contour lines on a map). 

The wood layer method was used in the design 
of ships up until fairly recent times. A model was 
made using many layers of wood. When a satisfac- 
tory shape was obtained, the pieces of wood were 
separated and their outlines gave the scale lines to 
which the full-size ship was laid down. If the model 
was to be floated, it was made complete. If it was а 


theoretical design or an adaption of a previous de- 
sign that did not need water testing, only a half 
model was made, divided vertically on the center- 
line. A half model of a ship or yacht, still often seen 
and mounted on a backboard for display, will show 
the divisions between the horizontal pieces of wood 
from which the model was made. This may well 
have been the original model from which the full- 
size hull was built, then converted to display after 
its practical use was finished. Such models may still 
be used for tank testing and the layers separated to 
discover the ideal lines to which the yacht or other 
craft can be built. 


CONTOUR HEIGHTS 


Contour lines usually represent heights above sea 
level. With tidal movements, the actual level of the 
sea varies. With a tidal range of a few feet, the 
difference does not matter to most users of maps. 
We usually need to know differences in height from 
where we are at the moment, and therefore other 
heights have to be related to that. Only if we were 
standing on the shore would sea level datum have 
much meaning to us. The sea level was used as a 
datum for geodetic survey is a mean level that has 
been agreed upon. It would be unsatisfactory to 
take local tide ranges into account because they 
vary from the world record 88 feet in the Bay of 
Fundy to only a few feet in the Gulf of Mexico and 
many other places. 
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Fig. 4-2. Layered conical shapes show by their sections how contours can be interpreted to show the types of slope. 


Contour lines on most maps are usually solid 
brown. The color does not conflict with lines drawn 
for other features and is distinctive. It may require 
careful investigation to find them on maps where 
other features are closely packed. It is in more open 
country with many hills and valleys that contour 
lines are more obvious and valuable. At intervals, 
usually of four or five lines, depending on the basic 
height gap between lines, a contour line is drawn 
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wider and has a figure indicating the elevation set 
into the line or alongside it to serve as an index 
contour (Fig. 4-3A). If you want to discover if the 
terrain slopes up or down, а check from one index 
figure to the next will tell you. 

Sometimes there is a hollow, possibly among 
otherwise rising contours, with insufficient depth 
to warrant more contour lines within it. In that case, 
the closed contour line around the hollow has 


hatches (hatching) inside it. These are small ticks at 
right angles to the line pointing into the hollow (Fig. 
4-3B). 

If the contour line is approximate it 15 drawn 
broken (Fig. 4-3C). A problem comes when contour 
lines may be fairly widely spaced, indicating a mod- 
erate slope, but at one point the drop becomes 
sheer over a cliff or other nearly vertical edge. The 
contour lines then have to run together and these 
are known as carrying contours (Fig. 4-3D). On 
maps of fairly flat areas, the standard contours may 
be very wide apart on the map. If intermediate 
elevations are also shown, they are supplementary 
lines made up of dots or dashes much shorter than 
those used for approximate contours (Fig. 4-3E). 

There is an increasing use of meters as the unit 


of measuring height, even if miles and feet are used 
for horizontal distances. What the elevation differ- 
ence or contour interval is on a particular map will 
be detailed in the legend, probably adjacent to the 
scale. For instance, a map to a scale of 1:24,000 
(about 2% inches to 1 mile) may have contour inter- 
vals of 20 feet. One at 2:250,000 (about 4 miles to 1 
inch) may have contour intervals of 60 meters, with 
supplementary intervals of 30 meters in some 
parts. One at a scale of 1:50,000 (about 1% inches to 
1 mile) with contour intervals of 20 feet may show a 
very complex arrangement of contour lines in 
country of mixed hilly terrain. To anyone able to 
interpret the meaning of contour lines, a very de- 
tailed picture of the formation of the land will be 
given. 





Fig. 4-3. Contour lines passing through points of the same elevation can be used to show different slopes, with intermediate 
lines for greater emphasis. Spot heights are shown by triangles or crosses. 
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If contour intervals have to be converted from 
feet to meters or meters to feet, a single meter is 
about 3% feet, 20 feet is just over 6 meters, 25 
meters is about 81 feet, and 60 meters is about 195 
feet. For a quick round figure conversion remember 
that 4 meters are about 13 feet. 

Contour lines pass through points all at the 
same height. What they cannot show are minor 
differences in the terrain. If the contour interval is 
30 meters, that is a difference equal to more than 
four times the height of a two-story house. Between 
the points on the ground at these levels, there can 
be quite large spurs, crags, and undulations, all less 
than 30 meters above the lower contour—but not 
shown on the map. If an individual difference be- 
tween marked contour lines goes more than 30 
meters above or below the levels of those lines, it 
should be shown by small enclosing contour lines. 

If an individual rise between main contour 
lines is fairly large—and therefore quite 
prominent —and a feature to be noted by the user of 
a map, it may be indicated by hatches (short lines 
radiating from the feature). An example is a mine 
dump (Fig. 4-3F). What the prominence is will be 
labeled. There could be an excavation, due to quar- 
rying or other activity. In that case, the hatches 
point inwards from an outline (Fig. 4-3B). 

When the ground is surveyed for the prepara- 
tion of maps, certain spots are located with extreme 
accuracy so that they can be used for the further 
location of other points. Those used for horizontal 
control are marked on the map by a small triangle 
with a dot at its center (Fig. 4-3G). Bench mark 
vertical control stations or elevation points are 
marked on the map with a cross and figure beside it 
indicating the elevation (Fig. 4-3H). If you find one 
on the ground, it is a metal tablet from which sur- 
veys are made. 

Of lesser importance, but of equal use to the 
reader of amap, are spot elevations. The bench mark 
crosses are black, but the spot elevation marks are 
brown (Fig. 4-3J), also with the elevation figure 
alongside. All of these marks are more accurate 
than the contour lines. For most map users, the 
contour lines degree of accuracy is far greater than 
they will require. If you can locate a marked cross 
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position, you know the elevation quoted is exactly 
what it says. 

If you need to work to a height that comes 
between marked contour lines, you will have to 
assume a regular slope and estimate height. Be 
prepared to find that the actual position on the 
ground is rather different, due to undulations. Your 
estimate will probably be as near as you require. If 
you need to have an intermediate contour for a 
particular project, you may lightly pencil in one 
midway between printed contour lines; remember 
that it is an approximation. 


INTERPRETING CONTOURS 


From the example of the wooden cones we learn 
that contour lines can show the type of slope. Con- 
tour lines at fairly regular intervals indicate a slope 
that is uniform. If they are far apart in the direction 
that interests you, it is a gentle slope (Fig. 4-4A). If 
they are closer, the slope is still uniform, but 
steeper (Fig. 4-4B). If it is a hill where the line we 
propose to take shows higher lines closer than the 
lower lines, it is steeper toward the top (Fig. 4-40). 

If the lines are closer toward the lower level, 
the hill is flatter at the top and gets steeper toward 
its base (Fig. 4-4D). The curve across the contour 
lines is convex; the other is concave and the first 
slopes near a straight line. If you are walking, you 
may find it easier to mount a hill at a nearly regular 
slope. Choose a route from the contour lines away 
from where they show what could be an impossibly 
steep part on a straight path. If your map shows a 
trail, you can be certain that those who have gone 
before you have found the best way, even if from the 
map you think there are other ways across the 
contours. 

If a hill or mountain goes to a peak, the contour 
lines will enclose it. Elsewhere they may appear to 
wander across the map as they follow points all at 
the same level. If the land rises to a single high 
point, the closed contour lines show you that it is an 
isolated rise. If you are finding your way in wilder- 
ness country, such a hill may be a good landmark. 
This would be particularly true if you interpret its 
shape from the contour lines. A fairly regular spac- 
ing without any obvious accentuation toward the top 


means a smoothly rounded hill (Fig. 4-5A). If the 
highest contour encloses a fairly large area, the top 
of the hill is flat or nearly so, as there is not enough 
rise to go another contour interval. 

If the contour lines tend to get closer toward 
the top of the hill, it is more pointed (Fig. 4-5B). If 
the highest contour encloses a fairly small area, the 
top may not be a point, but the general form of the 
apex will look pointed from a distance. 

If it is a hill or mountain of some importance, 
either in its own right or just as a landmark, the 
actual apex may be marked with a dot and a figure 
beside it indicating its elevation (Fig. 4-5C). 


CONTOURS AFFECTED BY WATER 


Because water will always try to flow to a lower 
level, streams and rivers have plowed out grooves 
to form hollows in the ground. These may be any- 
thing from slight indentations to broad valleys. The 





Fig. 4-5. Sections across contour lines show the form of hills. 


presence of a natural waterway of any size will 
affect the lay of the land, and because of that the 
contour lines on a map. Even quite a small stream 
will have worn away the ground, so contour lines 
curve upstream. The breadth of this deflection will 
tell you what sort of hollow to expect to find in the 
ground. If the lines come together with quite nar- 
row and nearly pointed V shapes (Fig. 4-6A), the 
stream has worn out a narrow fissure. If the Vs are 
short, the groove is not very deep. If the deflection 
goes some way upstream at one or more contour 
lines, there could be quite a deep, but not very wide 
chasm at that point. 

If the deflection of the contour lines shows 
fairly broad curves, the stream valley is very broad. 
The stream has probably worn away earth and soft 
rock over a broad channel at some time, although its 
normal flow is much narrower. A slight deflection in 
the contour lines means the stream is not set in very 
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Fig. 4-6. Where a stream cuts across contour lines, its effect on them shows if it has worn a deep or shallow hollow and if one 
side is harder than the other. 


deeply (Fig. 4-6B). The greater the deflection, the 
more has the stream worn away a fairly broad hol- 
low. 

Of course, a stream does not necessarily flow 
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over rock of uniform hardness or softness. This 
means that a part might be deeply grooved and 
another part might be in a broad and shallow hollow 
(Fig. 4-6C). From this you may decide it could be 


possible to wade across the stream where it is 
indicated as broad or you may be able to jump over it 
where it should be narrower at a deeply grooved 
point. A stream might skirt hard rock on one side 
that has not worn away very much. The other side of 
softer material might have worn away considerably 
during flood conditions. Such a place would be 
shown by acontour line coming up close on the hard 
rock side, but the lines spreading out on the other 
side (Fig. 4-6D). When you get there, you will 
probably find a nearly vertical cliff at one side and 
gently sloping land on the other side. The stream 
usually sheers away from the high side. That is 
likely to be an outside curve against which the 
water flows quite fast. There could be rapids and 
that is something of importance to canoeists. 
The amount of fall of a stream will be indicated 
by the spacing of the contour lines it crosses. If they 
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are wide apart, it will be quite slow and probably 
meandering in its course, as it originally sought out 
the easiest path to lower levels. With closer con- 
tour lines crossing the stream, it is indicated as 
flowing more steeply and therefore faster. Its 
course will depend on how it has been able to wear 
away its bed, but it is usually much less of a wan- 
derer than the stream flowing over flatter country. 
All of these stream features are found in larger 
natural waterways. A river may have used its much 
greater volume of water over thousands of years to 
wear away very much more soil and rock, so it now 
flows in a broad valley with contour lines mostly 
confined to the higher land at each side and only 
contour lines crossing the river occasionally (Fig. 
4-7A). Exceptions are mountain rivers that fall 
steeply and have usually worn out quite deep and 
narrow beds (Fig. 4-7B). In their lower levels they 





Fig. 4-7. A river may have worn away the land and contour lines will show if the valley is a deep gorge or a broad plain. 
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usually empty into broader valleys, with progres- 
sively slower flows and therefore more widely 
spaced contour lines. 


HEIGHT LANDMARKS 


Apart from giving you details of rises and falls of the 
land you intend to travel over, the contour lines can 
provide guides to directions. If you check eleva- 
tions on your map, you will know where the highest 
points are and should be able to see them on a clear 
day if they are within a reasonable distance. The 
map will also show you the elevations of other 
places between you and the highest points. All this 
comes from contour lines and helps you orient the 
map. 

In addition to individual heights, the contour 
lines can tell you how a distant range of high ground 
should appear. There will be lines showing how it 
goes up and down. You are first concerned with 
what happens along a line square to your line of 
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view (Fig. 4-8A). It may help to lightly pencil a line 
through what appear to the be highest points on 
your skyline on the map. From this, you can sketch 
or visualize what the appearance should be and 
identify the hills or other features (Fig. 4-8B). 

There may be other features that you can 
identify from the contour lines. If there is a pro- 
nounced projection of contour lines toward you from 
one point, you should be able to see the spur (Fig. 
4-8C). Ifthe contour lines around two adjoining high 
parts do not meet, but curve back around their own 
areas, the space between must be a valley (Fig. 
4-8D). It could be the gap you have to aim for to get 
to the other sides of the hills (Fig. 4-8E); use your 
compass to get a bearing on the pass. 

If the contour lines run together on the map 
(Fig. 4-94), it should be fairly easy to identify the 
cliff or escarpment that they indicate (Fig. 4-9B). 
Anything of that sort gives you a positive position to 
Work on in your navigation. 





Fig. 4-8. From a section across contour lines, it is possible to draw a picture of the outline that will be seen. 
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Fig. 4-9. Contour lines running together (A) indicate a cliff (B). A road may cut through contour lines (C) or have to be raised 


above them (D). 


If a road or a railroad or other man-made fea- 
ture has to be taken across the landscape, there may 
be considerable work done to keep it reasonably 
level. When the Romans invaded much of Europe, 
their surveying and engineering made their roads as 
straight as possible, going up and down hills in their 


path so as to get the shortest distance between 
points. Presumably, the legions could be expected 
to take the hills in their stride. Their locations can 
still be seen and some modern European roads 
follow at least part of the Roman routes. Where 
there would be unnecessarily steep parts, newer 
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routes take the easier slopes around obstructions. 

A modem road, which is level or only has 
moderate slopes, might cut across contour lines. A 
cut through a hill may have nearly vertical sides and 
the road there is drawn with other parallel lines 
(Fig. 4-9C). Where there has to be fill to make up 
the road level, there are similar parallel lines on 
the map, but with hatches outward to indicate the 
slopes away from the road (Fig. 4-9D). Of course, 
there may still be some contour lines drawn across 
the road where it is on the elevation. 


WATER CONTOURS 


Where a valley has been flooded due to a dam being 
built, and the resulting large expanse of water goes 
over many levels that have been previously indi- 
cated by contour lines, these contour lines are still 
drawn on a map as submerged contour lines. There 
will be an indication of the elevation of the normal 
water level and the spillway elevation for times of 
low water level. From this information, the depths 
at various places can be deduced. This type of 
information is of value to boatmen who want to 
anchor, as well as to those with more technical 
needs. 

Besides underwater contours (which are in the 
same brown color as those on land, but over the 
blue indications of water), there may be depth 
curves. These are dark blue and indicate depth mea- 
sured from the normal water surface level. If there 
is an old river channel passing through the reservoir 
or man-made lake, depth curves may be there. 
Underwater contours appear on the surrounding, 
more recently flooded parts. 

Around the coast, depths from the normal sur- 
face level are shown on many maps. Much depends 
on the design and purpose of the map. Where it is 
assumed that the user is concerned only with dry 
land use, the sea may be merely an expanse of blue. 
Where depths are shown, they are drawn similar to 
contour lines, but are dark blue. The depth they 
represent is a figure alongside a line. Usually, each 
line has a figure —not every four or five as on land 
contours. 

The information on tidal waters is not there for 
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the use of extensive navigation by craft able to 
travel far at sea. Their navigators should use spe- 
cial nautical charts that contain more information 
and that are regularly corrected. Features at sea, 
and such things as navigation lights and buoys, will 
change more often than comparable features for 
land travelers; the seagoing navigator needs to be 
aware of them. 


PROFILES 


It is sometimes worthwhile to draw a vertical sec- 
tion of a route to be followed to get a better idea of 
its rising and falling. In the days when the bicycle 
was very popular and before the coming of auto- 
mobiles, there were route books published that 
contained maps. The books also had sections or 
profiles of popular routes. Cyclists knew in advance 
which hills were steeper than others, and where 
they could look forward to a long freewheel 
downhill or where they would have to dismount and 
push uphill. 

We do not have that need, but a profile is a 
good way of familiarizing yourself with ups and 
downs of your journey. A drawn section gives you a 
good idea of how much you will ascend and descend 
between your start and your destination. 

In its simplest form, the profile can give you a 
clue to steepness between the crossings of contour 
lines. The slope you will arrive at will assume a 
straight line from one contour to the other. It may 
fluctuate and be far from even, but you will get an 
average result. You will have risen a certain amount 
in a certain distance, even if not smoothly. 

Note the contour intervals between the lines 
you are using. Measure the distance between them 
in the direction you want (Fig. 4-10A). You do not 
have to work square to the contour lines (unless 
that is the way you will go). The more acutely you 
cross the lines, the longer is the distance between 
them and the more moderate the slope. Suppose the 
contour interval is 60 meters and the distance you 
are using is 450 meters. You then have the lengths 
of two sides of a right-angled triangle (Fig. 4-10B) 
indicating the slope between the two marked ele- 
vations. 





Fig. 4-10. A section scaled across contour lines will show the angle of slope. 


SLOPE INDICATIONS 


There are three ways of indicating the amount of 
slope. You can speak of a rise of slope in a certain 
distance, you can give the slope as a percentage, or 
you can use degrees to horizontal. 

In this case, there is a rise of 60 in 450. To 
bring this to terms of a ratio, divide 450 by 60, 
which is 7.5. The rise may be described as 1 in 7.5 
or 1 in 7%. Some slopes may give a denominator 
taken to several decimal places, and they should 
then be brought to the nearest simple fraction. 

If the slope is to be described as a percentage, 
the vertical distance is divided by the horizontal 
distance and multiplied by 100. In the example, 60 
divided by 450 and multiplied by 100 gives a slope of 
13% percent; the fraction would be ignored. 

Slopes in degrees are not so satisfactory for 
the more moderate angles. They are quite small and 
it is necessary to go to several decimal places to 
show differences. For the angles of slopes suitable 
for vehicles, degrees are best avoided, although 
they would be better for the steeper slopes that 
interest climbers. The angle can be found by 
trigonometry, but for practical purposes it is sim- 
pler to use a protractor on a scale profile. 

If the slopes you are measuring are to be used 
for vehicles, 1-in-4 (25 percent) is getting near the 
practicle limit and 1-in-2% (40 percent) is as steep 
as most vehicles could go. At that angle, a walker 
almost finds himself scrambling—using his hands 
as well as his feet. 


LONGER PROFILES 


For a profile over a distance, showing the ups and 
downs of a projected route across many contour 
lines, a section drawn with the same vertical scales 
as the horizontal one may prove too flat to give 
much indication of differences. If what you plan to 
draw is very hilly, with considerable differences in 
elevation, such an arrangement may be satisfac- 
tory. Otherwise, it will be clearer if you increase 
the vertical scale so heights and angles are exag- 
gerated. 

In the simplest form, draw a line on the map 
marking the direction of the section you want (Fig. 
4-114). Have a piece of plain paper with a straight 
edge longer than the line you have drawn. Find the 
elevation of the highest and lowest contour line that 
your drawn line crosses. Draw lines on your paper 
parallel with the straight edge, enough to go one 
contour higher and one contour lower than the 
limits on the map. The scale you use for spacing the 
lines depends on the amount of exaggeration you 
want to provide. This could be twice the horizontal 
scale (Fig. 4-11B). Write the elevation figure at the 
end of each line. 

Put the edge of the paper on the drawn line on 
the map and project squarely everywhere that a 
contour line crosses it. Mark where the projection 
lines cross the appropriate elevation line (Fig. 
4-11C). Join these points to obtain the profile (Fig. 
4-11D). Because scale vertical heights are twice 
what they are in fact—in relation to horizontal 
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Fig. 4-11. A strip of paper drawn with elevation lines can be marked to form a profile of the land its edge crosses. 


distances—remember that the slopes of your pro- 
file are twice as steep as they are on the ground. 
How you draw the profile line depends on the land. 
If a stream is crossing the line, a hollow there will 
usually be V-shaped, but otherwise hills and valleys 
are rounded. You have to do some estimating of 
shapes as you draw through the known points on the 
curve. 


OTHER HEIGHT INDICATIONS 


Contour lines are usually just one part of a large 
selection of symbols and other indications of mat- 
ters of interest on a map. They tend to appear as 
backgrounds to such things as roads, rivers, and 
towns. They are there if you need them, but their 
usual brown color is much less prominent than the 
red, black, and green used for other features. A 
difference may be seen in maps of mountainous 
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country. There the map user is more likely to be 
interested in climbing or hill walking, and slopes 
and elevations are of prime importance to him. 

In that case, the map may be colored in layers, 
with different colors between the contour lines, 
usually starting with pale yellow or green at the 
lowest level and working through deeper shades of 
green and brown to almost black for the highest 
parts. A color chart іп the margin of the map shows 
the choice of colors and between which contour 
lines they come. The color range depends on the 
number of elevations and the frequency of contours. 
There is no standard set of colors. Of course, using 
colors in this way interferes with the choice of color 
for some other features, but on maps where layer- 
ing is used the mountains are the predominant fea- 
tures. There is less need for many of the symbols 
common on maps of other areas. 


A colored, layered map gives a much clearer 
picture of the hills and vales that are featured. 
Layering is less suitable for maps where many 
other features are at least as important to the user 
as the heights. The multicolored background makes 
some other markings less distinct. One com- 
promise that draws attention to slopes is shaded 
relief. A map may then have all of the many other 
features besides contour lines. The area depicted 
has many hills and valleys that are shown by contour 
lines, but they are not immediately obvious when 
the map is first examined. 

Shading is used in the way it might be with the 
sun shining at a fairly low angle, usually assumed to 
be from the northwest. This means that one side of 
sloping parts are colored a green/brown that gets 
deeper in places that would have greatest shadows. 
This shading does not follow any definite elevations 
or other markings, but is just an arrangement of 


shadows that draw attention to the fact that the land 
there slopes relatively steeply. 

On some maps, color shading is used to indi- 
cate the approximate shapes of hills and valleys 
when there are no contour lines. The only indica- 
tion of shape on the land is given by shading. This 
type of map is more useful as a general guide or as a 
decorative illustration. Anyone wanting to travel in 
the area and get the most from a map should have 
one with contour lines. 

Another way of giving an impression of the 
shape of hills on a map without using contour lines, 
particularly when the map is made without the use 
of color, is hatching, using short ticks arranged 
close to each other around the raised ground. As 
with color shading, this gives a general idea and 
prevents the reader from assuming the land is flat. 
It does not give enough information to be of use to 
anyone navigating through the area. 
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Geographic Coordinates 





Г YOU HANDLE A MAP OF ANY AREA WITH WHICH 
you are familiar, the presence on it of a town or 
other place you know helps you to identify the area 
covered by the map. If you make a sketch map to 
show someone the way, there is no doubt for them 
what part of the earth’s surface with which you are 
dealing. If the map is part of a section of a country 
with which you are unfamiliar, you may have no 
difficulty in understanding which part it is from your 
general knowledge of the country. Difficulties arise 
when a distant, unfamiliar, comparatively small 
area is mapped. How do you find out where on the 
face of the earth is the area depicted on the map? 
Suppose a map of an area with which you are famil- 
iar is given to someone from the other side of the 
world. How does he discover where your well- 
known piece of land is? 

There has to be a method of marking maps that 
show what they represent in relation to all other 
areas and maps. The map of one particular place has 
to be unique. There must be no risk of it being 
confused with a map of another area. If someone is 
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given a map, he should be able to learn where it 
belongs even if he is in another country a consider- 
able distance away. There are several schemes 
used to find map areas and precise positions on 
maps, but the oldest and most widely used employs 
latitude and longitude. 


LATITUDE 


The earth is an almost perfect sphere. If angles are 
measured from the center, they can be imagined as 
marked on the surface of the sphere in any direc- 
tion. With the North and South Poles as fixed points 
at opposite sides ofthe sphere, a line drawn midway 
between them becomes the equator (Fig. 5-1A). 
Angles are then measured north and south of it; the 
North Pole is 90°N, and the South Pole is 90°S. 
Between the equator and the poles, other lines 
drawn round are called parallels of latitude (Fig. 
5-1B). These show the divisions in degrees. On 
globes and maps of large areas, lines may come at 
5? intervals. On large-scale maps of fairly small 
areas, there may be individual degrees, that can be 
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Fig. 5-1. Lines forming parallels of latitude are measured angularly (A, B, C). Meridians of longitude are measured the other 


way, from the prime meridian through Greenwich (D). 


further broken down into minutes ( + of a degree) 


and seconds 4 of a minute). 


Of course, every point on one parallel of 
latitude is at the same angle to the center of the 
earth. On the surface of earth, one degree of 
latitude is about 69 miles (110 kilometers). Be- 
cause the earth is not quite a perfect sphere, the 


distances get slightly greater toward the poles, 
where there is a slight flattening. 

Although parallels of latitude may be marked in 
whole degrees, some important ones are fractional. 
Above and below the equator are the Tropic of 
Cancer (23%°N) and the Tropic of Capricorn 
(23159S). These mark the furthest points north and 
south of the equator that the sun’s rays fall verti- 
cally. At similar angular distances from the poles, 
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there are the Arctic Circle (66%2°N) and the Antarc- 
tic Circle (66%95). These mark the limits north and 
south of the equator where the sun appears above 
the horizon every day of the year (Fig. 5-1C). 


LONGITUDE 


Knowing the latitude of a place on the map on which 
it is shown only tells how far north or south of the 
equator a place is. To locate the exact spot, a line 
drawn round the earth the other way is necessary. 
Such lines are meridians of longitude. Degrees can 
be used squarely to the direction for latitude, but 
there is no convenient starting point—like the 
poles for latitude. 

The meridian of longitude almost universally 
used is the one through Greenwich Observatory, 
England. There have been others used by some 
countries, but if any of their maps and charts are 
marked differently they will usually show a conver- 
sion to Greenwich. Some American maps have been 
made showing the longitude based on Washington, 
D.C. Because this is exactly 77°W of Greenwich, 
the same meridian can be used and the conversion is 
simple arithmetic. 

Greenwich (pronounced "Grennitch") was 
chosen because its observatory became the base in 
the great days of exploration when many of the 
explorers and navigators sailed from England. The 
observatory at Greenwich is still functioning, al- 
though observations of celestial bodies for the pur- 
pose of obtaining navigational information with pre- 
cision are now taken in remote places away from 
interference by man-made things. Greenwich is on 
the south side of the River Thames (locally called 
London River), about 10 miles east of the center of 
London. An interesting ceremony still takes place 
daily; a large ball encircling a tall mast drops 
exactly at noon. In the days before radio, this al- 
lowed any shipmasters within view to set their 
chronometers. 

With the meridian of Greenwich as 0°, other 
circles are drawn east and west of it through the 
poles. America has its longitudes described as west 
of Greenwich. The other way—across most of 
Europe and into Russia, India, and China—is east of 
Greenwich. This continues both ways until they 
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meet at 1809; this is the International Date Line 
passing north to south through the Pacific Ocean. 
For purposes of navigation it is treated as a straight 
line. But where it passes through a few populated 
islands, it is deflected for date purposes. 

As the lines of longitude converge on the 
poles, they cannot be used as measurements on the 
surface of the globe (like the lines of latitude). The 
distance between them is maximum at the equator 
and gets progressively less until it reaches zero at 
the poles. At the equator, 1? of longitude is the 
same as 1° of latitude (69 miles). At 40°N (New 
York), itis about 53 miles. At 509N (Winnipeg), itis 
about 44 miles. At the Arctic Circle (66159N), it is 
about 27 miles. 

Ocean navigators out of sight of land depend on 
accurate computation of latitude and longitude to 
know where they are. The user of a map ashore may 
not need to use the mariner's methods, but a knowl- 
edge ofthe meaning of latitude and longitude allows 
him to locate places with precision. Some maps are 
indexed, and places are indentified by their latitude 
and longitude. The lines crossing at about right 
angles to each other form quadrangles and these are 
convenient outlines for parts included in a map. 
According to the scale, a map may be designed to 
cover an area embraced by certain of these geo- 
graphic coordinate lines in each direction. 


INDICATIONS OF LATITUDE AND LONGITUDE 


On many maps, the angular distances in both direc- 
tions are shown in the margin at each corner. With 
the comparatively small size of the paper on which 
the map is printed—if it is to a fairly large scale— 
angles only in degrees would be much too coarse a 
calibration. These corner angles are marked in de- 
grees, minutes, and seconds. For instance, a corner 
may be marked 779 37' 30" and 39? 22' 30" (Fig. 
5-24). The first comes above the vertical edge and 
represents longitude. The other is the latitude of 
the horizontal edge at the corner. 

There is no need to indicate north and west; it 
is assumed that the reader is sufficiently familiar 
with the subject to know he is looking at a map of 
part of the United States (this is near Harpers 
Ferry). If other whole degrees can be positioned 








Fig. 5-2. The locations of ends of lines of latitude forming borders of a map may be marked at the corners, and other calibrations 
are marked along the borders. 


along the margin, they are shown. Оп а large scale, 
it may be just minutes— possibly at half-minute (30 
seconds) intervals. Lines might not be taken across 
the map (Fig. 5-2B), but are marked on opposite 
sides and the map user will have to put a 
straightedge across if he wants to use the marks for 
location. 

National topographical maps of the United 
States are made in quadrangles based on latitude 
and longitude. How much is contained in a chosen 
quadrangle depends on the scale, but maps of large 
scale have their outlines to degrees and minutes, 
while smaller scale maps are between lines repre- 
senting whole degrees. Because latitude lines are 
parallel, the top and bottom of the map are parallel 
and follow the appropriate lines. Longitude lines 
get closer towards the north. Convergence is very 
slight over the area of a map of large scale, so the 
longitude lines on edges of the map may be re- 
garded as parallel with each other for practical pur- 
poses. When a small scale is used and the map 
covers a large area, making the map to longitude 
lines would result in it being narrower at the top to a 
noticeable extent. A map may then have its sides 
parallel and the longitude lines drawn or marked on 
the top and bottom border within this outline. 

Because of the narrowing of the gaps be- 
tween meridians of longitude further north, a map 
within certain lines of a part of the country near the 
Canadian border will be narrower than one con- 





tained within the same limits near the Gulf of 
Mexico. 

Some national topographic maps are known by 
the distances between parallels of latitude and 
meridians of longitude which contain them. See 
Table 5-1. 

Maps in the 7%-minute and 15-minute series 
do not each cover a very great area in relation to the 
whole United States or even a state, so there are a 
very large number of them available. They are 
known by the name of a town, city, or other promi- 
nent feature on that sheet. Index maps to small . 
scale are issued showing all of the sheets available 
in the areas— usually a state. 

Maps to smaller scales, with their larger area 
coverage, can be shown on more extensive index 
sheets. For instance, sheets ofthe 1:250,000 series 
can all be indexed on a map of the entire United 
States on moderate paper size. As with larger-scale 
maps, each sheet is given the name of somewhere 
prominent that is included on it. 


IDENTIFYING LATITUDE AND LONGITUDE 
If you want to find the latitude and longitude of a 


Table 5-1. Series and Scales of National Topographic Maps. 


Area contained: 
square miles 
49 to 70 
98 to 140 
197 to 282 
4580 to 8669 


Scale 


Series 


Quadrangle size 
latitude longitude 
7V» min. 7/2 min 
7V» min. 15 min. 
15 min. 15 min. 
1 deg. 2 or 3 deg. 


7VYe-minute 
7¥2x15 minute 
15-minute 
U.S. 1:250,000 


1:24,000 
1:25,000 
1:62,500 
1:250,000 
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particular place, you have to discover what is al- 
ready marked on the map and progress from that. If 
it is a large-scale map, you will probably find points 
along the border marked in degrees and minutes. At 
most scales, the calibrations will not be less than 
30’ (half a degree or 30 minutes). If there are no 
lines already across the map, lightly pencil the 
straight lines between the border marks (Fig. 
5-ЗА). 

Draw lines parallel to them through the point 
you want to identify (Fig. 5-3B). Its latitude and 
longitude will have to be found by proportion. If the 
difference between two known marks is 5 minutes, 
you will have to measure at what proportion of the 
distance your new line comes and relate it to min- 
utes. Suppose the distance in millimeters is 100 
west of the nearest marked point of longitude, and 
the distance from one marked point to the next is 
300 millimeters. From the figures at the marks, you 
may see that the difference is 5 minutes. To find 
how far west the place is, calculate proportionately: 
ie x 5 = 1.66 minutes. To bring that to minutes 
and seconds, multiply the decimal part by 60 to get 
40, so the figure becomes 1’ 40”. That has to be 
added to the nearest reading to the east to get the 
longitude of the point. In this case, that is 77° 30’, 
so the longitude of the place is 77° 31’ 40" (Fig. 
5-3C). You may find that degrees are only marked at 
the corners of the map, while intermediate points 
are in minutes and seconds. 

Latitude is found in the same way, but this time 
you are working north (Fig. 5-3D). Measure this 
distance north from the nearest marked point, find 
what the distance is between marked points and do 
the proportional calculation to get the minutes and 
seconds to add to the nearest marked reading to 
southward (Fig. 5-3E). 

There is an alternative to the calculations. 
With measurements and proportions not coming in 
round figures, you could be working with rather 
involved calculations. You can lay out the distances 
geometrically. Draw a line at an angle to the map 
edge from one of the points. The angle is not im- 
portant, but about 30° is suitable (Fig. 5-3F). Along 
that line measure a distance that is easily divided by 
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60, if you are dealing with a gap of 1 minute, or 300 if 
it is a gap of 5 minutes (Fig. 5-3G). Accuracy is 
easier to obtain if the marked distance is not very 
much more or less than the distance along the map 
edge between points. 

Join the mark on the line with the mark on the 
map edge (Fig. 5-3H). From the mark you want to 
measure, draw another line parallel to that and 
measure from one line to the other on the sloping 
line in the same units you used before (Fig. 5-3]). 
Each unit measured represents 1 second. If the 
distance is more than 60, convert it to minutes and 
seconds: a reading of 140 then becomes 2 minutes 
20 seconds. This has to be added to the nearest 
eastward mark of longitude, or to the nearest mark 
southward for latitude, to get the reading for the 
particular position. If it is more convenient, sub- 
tract from the next reading further on to get the 
same result. 


GRIDS 


Locations in degrees, minutes, and seconds of 
latitude and longitude are precise and unique. You 
can pinpoint the place, and nowhere else in the 
world will have the same combination of coordi- 
nates. This is, however, a rather cumbersome 
method if all you want to know is the general loca- 
tion of a place. If you want to find a place on a map, 
its latitude and longitude will give it to you. You 
may not need that precision. On many maps the 
latitude and longitude markings are widely spaced. 
Working from them is tedious. It would be better to 
have a quick reference that would lead your eye to 
the immediate area when what you want should be 
obvious. On many maps a grid is provided for this 
purpose. 

Itis a common arrangement on motoring maps 
and street plans of towns to have an index that lists 
allthe places with a reference to their grid position. 
A grid is an arrangement of vertical and horizontal 
lines superimposed on the map and bearing no par- 
ticular relationship to parallels of latitude or meri- 
dians of longitude. Usually the lines form squares 
(Fig. 5-4A). The square sizes may match the scale 
of the map, but this is not necessarily so. In a 
motoring atlas, the squares (not the lines) may be 

















77°31' 40 " — 





Fig. 5-3. The latitude and longitude of a location on the map can be found by measuring from marked lines. If aspace has to be 
divided proportionately, that can be done geometrically. 
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Fig. 5-4. A grid may бе drawn over the surface of a map to provide references for locating places. 


numbered across the top and bottom of a map from 
left to right and lettered down the side, starting at 
the top (Fig. 5-4B). The atlas index then lists places 
with a page or map number followed by a square 
letter and number. For example, the place may be 
in square C2 (Fig. 5-4C). There is only one square 
C2 on the page, so your search is brought down to 
that and location should be easy. There is no stan- 
dard way of arranging such a grid, but what the 
arrangements are should be obvious and will usu- 
ally be explained in a commercially produced or 
state map or atlas. 

There are military grids and other used for 
general purposes in other parts of the world. All are 
truly rectangular grids, superimposed on the geo- 
‘graphically projected map, and they may be related 
to the scale of the map so that they can be used for 
measurement. 
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The Universal Mercator Grid, which may be 
called the U. T. M. Grid, is becoming increasingly 
popular. The world is divided into 60 zones with 
each 60? wide and covering most of the land areas of 
the world. Numbering within each zone is the same, 
but the zone has to be identified. 


GRID REFERENCES 


Users of any grid that employs measurements and 
numbers both ways can quite simply obtain a refer- 
ence point that is very close. A common example 
has the map marked in 1 kilometer squares (about 96 
mile). Along the top and bottom edges the lines 
forming the squares are numbered from the left 
(west), but probably not starting at 1 because the 
sheet joins others in forming the overall pattern of 
the grid. The left and right edges of the map are 
similarly numbered at the grid lines, from the bot- 


tom to the top (Fig. 5-5A). Each group of grid 
numbers may be given a pair of index letters to 
show the large area in which they are contained. If 
you are only concerned with one sheet, the letters 
may be ignored. 

As each square is 1 kilometer (1000 meters) 
each way, one tenth of a side will be 100 meters. If 
you can get as near as that on the ground, you are 
within shouting distance! 

Grid reference numbers must be taken in a 
certain sequence; otherwise they give a wrong 
reading or may even give youa point in space. They 
should be read first from left to right, then up a 
side—along the passage and up the stairs. That’s 
one way to remember it. There are two figures 
opposite each line. If the figure is less than 10, 
there is 0 before it. In finding the grid reference ofa 
place, identify the square. If you then estimate the 
number of tenths of the square width across the 
square and add that figure, you get three figures in 


that direction and can get three figures the other 
way in the same manner. For example, the point to 
be located may be in the square with the left-hand 
number 16, and we estimate it is 7 tenths across the 
square. The grid reference number that way is 167 
(Fig. 5-5B). Up the side of the map it is the square 
that has the lower number 32, and we estimate it is 
3 tenths further up. The number that way is 323 
(Fig. 5-5C). Because the horizontal number has to 
be given before the vertical one, the grid reference 
for that point is 167 323. 

As afurther example, take the west edge of the 
kilometer square in which the point lies and read 
the two-part figure opposite in the top or bottom 
margin (Fig. 5-5D). Estimate the number of tenths 
eastward from the line (Fig. 5-5E). Put the results 
together as a three-figure number—in this case 
195. Take the south edge of the kilometer square in 
which the point is contained and read the two-part 
figure opposite it. Then estimate how many more 








Fig. 5-5. With numbered grids a further figure can be found by estimating tenths of the distance across a square in both 
directions. 
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tenths northward from this line (Fig. 5-5F). This 
gives us 371. Putting the three-figure numbers to- 
gether in the correct order gives us 195 371. 

If we are only concerned with a particular map 
sheet, this is probably all that is needed for a unique 
reference. However, the same grid reference 
applies to a point some distance away on other maps 
and other scales. In some cases, it helps to avoid 
confusion if the grid letters are also quoted. They 
should be found overprinted on the map or detailed 
in the margin. The full unique grid reference will 
then read, for instance: SR 195 371. The figures 
alone will be found again on other areas with dif- 
ferent grid letters, but by quoting letters as well as 
numbers we identify our point positively. 

The final location within a square has been 
described by estimation. This should be sufficiently 
accurate and can be surprisingly close, but a little 
device can be bought or made to measure within the 
square. It may be called a roamer or a templet. A 
different one is needed for each scale. In one ver- 
sion, there is a right angled triangle cut out of thin 
transparent plastic and calibrated along the square 
edges ina scale of tenths of 1 kilometer (Fig. 5-6A). 
It can be put over a square with its corner on the 
point and held with the calibrations parallel to the 
grid lines; distances can be read both ways (Fig. 
5-6B). Making a roamer may present practical dif- 
ficulties. An easier-to-make version is a right- 
angled corner of a piece of card marked in a scale of 
tenths of 1 kilometer from the corner both ways 
(Fig. 5-6C). That can be put over the square with its 
corner on the point and distance read each way (Fig. 
5-6D). Although you cannot see through the card, 
there should be no difficulty in positioning a card 
roamer in most situations. 

If a grid has been applied to a map, its crossing 
lines are at 90? to each other. Except at the equator, 
latitude and longitude lines do not cross squarely. 
This means that on most maps the grid lines cannot 
be treated as if they were comparable or matching 
inany way to the parallels of latitude or meridians of 
longitude. 

For practical purposes anyone setting a map 
with a compass would usually be wrong in assuming 
that the vertical grid lines were running either true 
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or magnetic north and south. Using a compass to 
relate to the grid lines would result in setting the 
map in the general direction of north, but there 
could be an error of several degrees. To allow for 
that, the north indication in the margin of the map 
may be made up of three arrows (Fig. 5-6E) show- 
ing true north, magnetic north, and grid north. 
From the difference in angles between these, you 
can see what to allow if you want to relate your 
compass to grid lines. 


PROJECTIONS 


Only a globe can give a true representation of the 
earth's surface. We use flat maps, and even the area 
represented by a large-scale map is slightly dis- 
torted due to changing a surface with a slight double 
curvature to a flat one. The difference is so slight 
that for practical purposes it can be ignored. This 
may apply to a map covering a day's motoring dis- 
tance, but for maps covering large areas of the 
earth's surface, the distortion of what is being rep- 
resented on a flat surface when it is actually part of a 
sphere is enough to result in errors. There is no 
way that all errors can be eliminated, and a method 
of projection from round to flat has to be chosen that 
will eliminate such errors as are considered im- 
portant for a particular purpose, while leaving 
others. 

The majority of map users do not need to know 
much about the way flat maps are projected from the 
basic globe shape, but it helps in interpreting maps 
if the problems are appreciated. For instance, in 
some cases of worldwide maps, distances are not 
what they seem and countries may be in dispropor- 
tionate sizes. If all you have in your hand is a sheet 
covering perhaps 50 miles each way, you can as- 
sume the distances and shapes on it are relatively 
correct. If you want to check the route you fly from 
New York to London, many flat maps will give you a 
false idea of direction. 

The map of the world with which most of us are 
familiar is a rectangular sheet wider than it is high, 
with the latitude lines drawn parallel across the map 
and all the meridians of longitude drawn vertically, 
so they cross squarely. Usually the map does not go 
much further south than 60° nor north more than 





Fig. 5-6. A templet or roamer may be used to measure tenths of a grid square. 


80°. That takes in most of the major land masses. 5-7А). The height of the cylinder matches the curve 

The map is to Mercator projection. Itisformed around the earth from pole to pole. At the equator, 
as an imaginary cylinder surrounding the globe, the scale of the flat map agrees with the globe. But 
touching it at the equator, then opened out (Fig. оп this projection each parallel of latitude is drawn 
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Fig. 5-7. The spherical surface of the earth may be project 
scale (B). Conic projections of a hemisphere (C, D, Е, F) give a b 
appropriate for polar areas (G). 


rojected on to a cylinder (A) to be opened out. This needs a graduated 
etter representation of shap i 


a 
es. A round map is particularly 
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as if it were a great circle like the equator. There- 
fore the scale increases as we go north and south 
from the equator. The latitude increases in the 
same proportion as the longitude and we can read 
directions of one point in relation to another. 

Because meridians of longitude actually meet 
at the poles, but are drawn parallel on this projec- 
tion, widths are exaggerated the further we travel 
north and south from the equator. Greenland, for 
instance, seems much wider than it actually is, 
relative to countries nearer the equator. Because of 
this, there has to be a scale provided to allow 
measuring at different parallels of latitude (Fig. 
5-7B). 

As can be seen, there are great differences 
between the extremes of the scale. This shows how 
much has to be allowed when visualizing the size 
and shape of one country in relation to another. 

Conic projection is another method, of which 
there are several named types. Basically, a hemi- 
sphere is enclosed by a cone, touching it at one 
parallel of latitude —409N or S may be chosen (Fig. 
5-7C). The cone is opened out and applied to a 
rectangular piece of paper (Fig. 5-7D). The curves 
representing latitude are all drawn about the apex of 
the cone. The one representing 40° has correct 
scale lengths along it, as it is the same as the globe, 
but the scale is distorted along lines parallel to it 
according to their distance away from it. Meridians 
of longitude all meet at the apex of the cone. 

In another method of conic projection the cone 
is assumed to pass through two parallels of 
latitude—20°N and 60°N, in the example (Fig. 
5-7E). On the opened-out projection, the two 
parallels are drawn their actual distance apart 
around the curve of the globe (not straight along the 
chord represented by the slope of the cone). The 
advantage of this method over the previous one is 
that it lets the map coincide with the globe along 
two parallels, with correct distances along them 
and less distortion at places further from them (Fig. 
5-7F). 

Other projections have curved outlines. 
Within a circle, places on the globe may be all 
brought to the front half of the world. Half the world 


may be on a circle and the other half on another 
circle —in effect two side views of a globe. To get 
something of the same effect, an outline may be 
elliptical, with latitude lines straight across and 
longitude lines drawn elliptically to meet at the 
poles. This gives land mass areas relatively cor- 
rectly. Other maps with curved outlines may be 
broken into parts to get more accurate representa- 
tions of the great land masses. 

Traditionally, most schemes for projecting flat 
maps from a globe have concentrated on the middle 
areas north and south of the equator. With the 
increasing development of flights over the polar 
regions, there has come a need for maps more 
correctly portraying the north polar area in par- 
ticular. Many of the methods of projection that we 
have become used to are either far from accurate at 
long distances from the equator or details there are 
so tightly packed compared with equatorial areas 
that they are difficult to read. 

Maps on various projections are now made 
with the North Pole as the focal point instead of the 
equator. Some round projections have the pole to 
one side of center and lines of latitude arranged 
about it and meridians of longitude through it. How 
much is contained depends on how far the map is to 
go. Parts within the immediate polar area can be 
fairly accurately to scale, but distortion increases 
as distances away from the pole become greater 
(Fig. 5-7G). Other projections of this type are 
within elliptical outlines. 

Only a globe can show places to their correct 
scale and correctly related to each other, but one of 
these polar projections gives a better idea than 
other flat maps of the routes between familiar air 
terminals. For instance, it can be seen that a 
straight line between New York and London goes 
over Newfoundland, while Fairbanks, Alaska, to 
Oslo, Norway, is almost directly over the North 
Pole. Other maps, that can be regarded as a side- 
ways look at the world would not tell you this in the 
way that a map of the top of the world does. 

Geological Survey Maps of the United States 
are based on versions of the conic projection using 
two parallels of latitude, with a transverse Mer- 
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cator adaption for the large-scale maps. The effect, тар parallel with the bottom margin, while merid- 
as far as users are concerned, is for parallels of ians of longitude come slightly closer at the top of a 
latitude to be treated as straight lines across the map than at the bottom. 
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Setting a Map 





MAP IS A PICTURE OF PART OF THE EARTH'S 

surface. Usually a map shows land mass, al- 
though surrounding sea may be included. If it is 
mainly sea, it is a chart and more likely to be 
intended for the navigation of shipping, and is 
employed in a different way. The map is produced 
to offer information at a small scale to a particular 
area of land, so it is important that we can locate 
places and directions on it. 

The map is little use if we cannot find where 
we are on it and directions to other places that 
interest us. Relating the map to the land and water 
it represents is called setting, orienting or orientat- 
ing. Once we have established this relationship, we 
can begin to plan routes, locate places of interest, 
explore new territory, and generally discover in- 
formation that is there to be read and interpreted. 

Fortunately, there are many ways of setting a 
map. They vary according to circumstances and in- 
formation available. Quite often it is possible and 
advantageous to use more than one method, so each 
confirms the findings of the other. Sometimes, as 


when travelling by car, road numbers and plentiful 
signs make matching the map to the route so simple 
that it is oriented unconsciously. Things may be 
very different at night in undeveloped country or in 
a maze of forest tracks. 

Setting or orienting applies mainly when you 
are in the field, and the map has immediate use in 
relation to the terrain, but it is helpful to be able to 
visualize the application of information while 
studying a map at home or some other place away 
from the actual country you will be travelling. This 
comes with practice and experience. If you can 
interpret the meaning of symbols on the map, you 
will know what to look for on the ground, so this will 
help in finding your way. 


SETTING WITH A ROAD 


On most roads you do not have to go far to find 
something marked on your map, which you can 
identify. It may be a junction with another road, 
cross roads, or a marked building beside the road. A 
railroad crossing is useful, as you then have two 
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lines on the map, which have their counterparts 
positively identifiable on the ground. Whatever you 
use as your key marked position, you know where 
you are on the map and on the ground (Fig. 6-1А). 
You should now be able to turn the map so the 
marked road, and possibly the railroad, ifthere, are 
in the same relative directions as on the map (Fig. 
6-1B). 

It is still possible to be working in reverse, 
with the map 180° out, so next you must use 
another bit of information to make sure the map is 
the right way in relation to the ground. You have 
come from somewhere and that may be the best 
guide, particularly if there is a sign, or you passed 
one on the way. Turn the map so where you came 
from, as marked on it, matches the direction on the 
road. 

Quite often there is something else that will 
confirm the setting. There may be a township not 
far away. There could be a church, fire lookout, or 
other marked feature. If the mapmaker regarded it 
as worth recording, it was because it was promi- 
nent. With the map set to the road, look in the 
direction the feature is indicated (Fig. 6-1C). If you 


can see it, that confirms the map setting. If you 
cannot see it, do not assume, immediately, that you 
have oriented the map wrongly. There may be trees 
or some other obstruction to your view. Try some- 
thing else. 

If you are travelling by car and your job is to 
give directions to the driver, you may want to turn 
the map so it is set to the road, but if that means it is 
upside-down, you may have difficulty in reading 
words printed on it. In that case it is better to have 
the map the right way up, even if it means the route 
on the map is from the upper to the lower part ofthe 
map. You have to practice reading from the map 
right and left directions without turning the map 
around. 

It may be better to turn the map around than to 
give a mistaken direction at a road fork or cross- 
roads, but try to get used to reading left and right 
from the direction on the map you are travelling, 
rather than related to your body in the way you are 
sitting. Imagine you and the car following the road 
on the map. You would be facing the direction being 
travelled. Think of it in that manner and give direc- 
tions as in those circumstances. Your driver will not 





Fig. 6-1. Amap is set when features marked on it are in the same relative directions as what they represent on the ground. 
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thank you for making him go the wrong way, nor for 
- dithering as you approach a turning place. He may 
not be able to go slow enough while you change your 
mind, so remember the scale of the map and think 
ahead to the next move. It is all there on the map, 
even if you have not got there yet. 


SETTING BY LANDMARKS 


If you have no doubt about where you are on the 
ground, and can locate it on the map, that is a 
starting point for setting the map, even if you are 
uncertain of directions. You may be at a fork in 
tracks, outside a marked hut, below a lookout 
tower, or about to leave a paved road. In all cases 
the spot can be identified (Fig. 6-2A). Look on the 
map for some sort of other landmark. Try to find it 
on the ground. The map scale will give you a clue to 
distance. It is not much use looking for a hut 10 
miles away! If there is an identifiable object, turn 
the map so an imaginary line between you and the 
object on the map and on the ground coincide (Fig. 
6-2B). The map is then set in relation to the ground 
and you should be able to plan your route in any 
direction. 

Setting by one landmark may be satisfactory 
and the only way possible, but if there is another 
mark within view, use that as well. The two imagi- 
nary lines will confirm each other in orienting the 
map (Fig. 6-2C). 

Sometimes there is no solitary object that you 
can use as an exact fix, but there may be some 
general feature that will serve as a guide. Suppose 
you can see traffic on a road in the distance. You 
may be able to estimate how far it is away. Look on 
the map for a road at about that distance and turn the 
map in that general direction. Does the road go 
squarely across your view? Does it appear from 
traffic movements to go away or towards you? If 
there is more than one road on the map that might 
agree, these things will help you to select the right 
one. A railroad track might be used in the same 
way. If the road includes a hill, that might be a 
useful guide. Much depends on the length ofthe hill 
and the frequency of contour lines on the map. Even 
if the road on the map does not cross two contour 
lines, their heights will help you check which way 


the road on the map should slope. You can see if it 
does so on the ground (Fig. 6-2D). 

With solitary objects and the more general 
guide of a road or similar object, remember to use 
scale. Even if your estimation is not very good, you 
will avoid the errors that would come from assum- 
ing something is close when it is actually too far 
away to be seen. It helps to use distant objects that 
can be identified. When you turn the map towards 
them, the risk of error is less than it would be with a 
very near object, because the imaginary line on the 
map may then be very short and, therefore, difficult 
to line up accurately. 

If there are no objects about which you can be 
certain, you may have to check the shape of the land 
and relate it to contours on the map. If there is a 
definite peak, much higher than the other land in 
view, it will probably be marked on the map with a 
spot height and contour lines close around it (Fig. 
6-2E). You can set the map on that without much 
risk of error. It may be more difficult ifthe terrain is 
undulating and does not rise very high at one spot. If 
there is a river or stream from the hills, there may 
be enough of a gap to be seen by contour lines (Fig. 
6-2F). You can set the map by the distant hollow on 
the skyline. If the hills are more moderate, they 
may still show a pattern that can be identified from 
contours. Remember that close contours indicate 
steeper slopes than those widely spaced. There 
could be two nearby hills with different profiles 
(Fig. 6-2G). If there is an isolated hill nearer, but in 
the same direction, that would confirm your iden- 
tification. Look around on the map for contour line 
arrangements that could be seen on the ground as 
hillocks or valleys from your viewpoint. 

Allow for complications due to trees, which 
may disguise the actual lay of the land. They are 
more of a nuisance with near hills, as they blend in 
more with the profile at a distance, so try to identify 
and orient on a distant range of hills or some natural 
feature. 

Waterways are not so useful in setting a map, 
as they usually are in hollows and therefore not 
visible at much distance. However, if ће waterway 
is large enough for you to see some of it from one 
point, the way its course takes may help you to 
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Fig. 6-2. Amap may be set to match the bearings of objects in view. Contour lines and symbols may be interpreted to tell you 
the outlines of distant views that will help in orienting your map. 
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match up the map with it. Falls or rapids may be 
marked on the map. In any case, the direction of 
flow gives you a guide. The water will flow from 
higher to lower contours on the map, so if you come 
across a known waterway, the map can be turned to 
match the direction of flow. 


LOCATING POSITION 


If you are uncertain of where you are, there are 
several things you can do to narrow down the choice 
of position on the map until you have a close ap- 
proximation, if not an exact point where you are 
standing. A compass makes location easier, but 
there is much you can do with only a map. Ifthe sun 
is visible and you know the time, you can arrive at a 


close estimate of compass directions. Similarly, on 
a clear night you can use the stars to find north. We 
will assume a dull day and only a map as a guide. 
From your previous movements you should 
have some idea of the general area you are in, so 
you can reduce your examination of the map to that 
part. If you started from a known position, pinpoint 
that on the map. Allowing for the time you have 
been travelling and your probable speed, you can 
draw a circle, or estimate its position, showing the 
maximum you could have traveled. You may know 
the general direction you have moved, so there is 
no need for a complete circle. Quite a small arc may 
be all you have to consider (Fig. 6-3A). You are 
somewhere in that sector. A first limitation of area 
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Fig. 6-3. You can estimate your position by drawing arcs of distances from landmarks you identify (A, B, C, D) or by taking 
sights (E). You are within the overlapping arcs or crossing sight lines. 
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in this way avoids searching all over the map in 
unlikely places and helps to steady any tendency to 
panic in your party. 

Unless you are in a flat desert with no 
features—and you should not be in that sort of place 
without a compass to use with the map—there 
should be manmade or natural features within view 
that can be matched with symbols on the map. 
Manmade features are easier to identify with cer- 
tainty. There may be individual buildings, towers, 
or other projections above their surroundings. The 
presence of habitations may be indicated by rising 
smoke or the glow of light at night, even if you 
cannot see the buildings in a township. Overhead 
power lines are a help. Even if you cannot see them 
immediately, regular gaps cut through a forest may 
indicate them. A gap for a power line may be much 
straighter than one due to a trail or stream and may 
go over hills, where a track or trail would go round. 
A road of any importance is likely to be obvious by 
the traffic and roadside buildings. A road or railroad 
may be located by the poles supporting overhead 
lines, even if you cannot see the track on the sur- 
face. 

Natural features that will guide you depend on 
your situation. A visible stream helps in orienting a 
map. If the country is a mixture of woodland and 
open fields or barren land, the pattern of groups of 
trees may be shown on the map and you may be able 
to match the drawing with the actual view. Check 
the date of the map. Revisions are not very fre- 
quent. If the map has not been corrected for 20 
years, trees may have been felled or more may have 
grown outside the bounds originally drawn. If no 
manmade or natural feature can be positively lo- 
cated, contours may help. Even moderate changes 
in elevation can give youa clue, but look on the map 
for isolated rises, particularly those that are identi- 
fiably higher than their surroundings. 


ESTIMATING POSITION 


If you can identify a feature, estimate how far away 
it is. Draw or visualize a curve from it with this 
radius on your map (Fig. 6-3B). Do the same for 
another feature. If you can choose a feature that is 
near square to your view of the other, you will get a 
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closer degree of accuracy than if it is at a finer angle 
(Fig. 6-3C). If possible, find a third feature, prefer- 
ably at a wide angle to either of the others and draw 
a curve at the estimated scale distance from it (Fig. 
6-3D). Do not expect precision, as your estimates 
may not be very close, but the resulting crossing 
curves allow you to reduce the probable map area in 
which you are. 

Move the map around so the chosen features 
are in the same relation to each other as they are on 
the ground. By trial and error, sight each of them 
across the map— preferably with the map on a flat 
surface —until the sight lines are as near correct for 
all three as you can get them. This should bring the 
lines on the map close to or actually crossing (Fig. 
6-3E). If they cross in a small triangle (what the 
navigator at sea calls a ‘cocked hat’), you can as- 
sume you are within it. 

The position obtained by sighting should come 
within the same area obtained by estimating dis- 
tances. If it does, one method confirms the other, 
but if it does not, the sighting position is more likely 
to be accurate than the estimating position. Es- 
timating distances over different terrain can often 
be misleading. 

If the two methods give you widely different 
positions, it will be advisable to check back on each 
of them. If you can find a fourth point, it should 
confirm which of the earlier locatings is nearer 
correct. Even if the fourth position is just a minor 
hill or valley, which cannot be treated as a spot 
location, an estimate of its distance and a sight 
made in relation to the other three sightings will 
show if any of the earlier work contained errors. 

Of course, you may not be in a position where 
you can find three or more positive points to work 
back from, or you may find them all in the same 
general direction, so sight lines are at an acute 
angle, and their crossing could be anywhere within 
a mile or so. Even such a vague location may help 
you to then check other features, such as your 
elevation in relation to surrounding country, or how 
you got to the point from a previous known one, so 
you can reduce your findings to a closer estimate. If 
the only result is to make you vow to have a com- 
pass with you next time, that to is a good thing. 


ORIENTING WITH A COMPASS 


Compass and map are complimentary. Even if all 
you are doing is using a map in a built-up area, with 
paved roads and all the other attributes of civiliza- 
tion, a compass may prevent you turning the wrong 
way along a street or going out of town on the wrong 
highway. If you plan to go into less developed 
country, a compass becomes increasingly neces- 
sary, while going into the mountains or other purely 
natural areas without a compass could be disas- 
trous. 

It is good practice to use a compass with your 
map, even in situations where you could find your 
way with the map only, so you become used to 
handling the compass. The fact that you already 
know where you are going and can confirm this on 
the map, provides a check on the way you use the 
compass, then when you eventually have to depend 
on setting the map with the compass in lesser- 
known territory, you will feel confident in your 
actions. 


Any compass can be used to set a map, but you 
are most likely to use a small portable one with a 
liquid-damped needle. For general map work, a 
compass with a transparent base and calibrations 
in degrees is convenient. Most have the north- 
pointing needle rotating and the calibrations on the 
rim or base. A rotating card, with the circle of 
calibrations turning with the needle is less com- 
mon, but may be found in sighting and surveying 
compasses intended for precision work. This has 
the advantage of cutting out one action in using the 
compass, as the calibrations are always correct in 
relation to the needle. When setting a map the 
additional action with the separately calibrated 
compass does not make much difference. 


Check which way is north on the map from the 
compass arrows in the margin. Nearly all maps have 
their tops north, but it is unwise to assume this and 
always advisable to check. Some maps may have 
north in a different direction because that suits the 
shape of the area being illustrated or the feature is 
long and narrow, such as a river and its valley, 
which would fit better on to a sheet or page with a 
different north direction. 


NOTING VARIATIONS 


The compass arrows on the map may be two or 
three together. When there are three, the extra is 
grid north, meaning the way the grid over the map 
has been laid out for locating places in relation to an 
index or for military or other purposes. Ignore this 
when setting a map. If the grid lines are drawn 
across the map, it would usually be inadvisable to 
use them for positioning the compass, unless their 
variation from north is only a few degrees; then you 
may feel the error they induce would be so slight as 
to be ignored for practical purposes, when all you 
want is a general direction. 

The angle between true north and magnetic 
north will vary in different parts of the country. Ona 
small-scale map of a wide expanse of country it 
could be very different at opposite sides. On most 
maps, the variation shown is as at the center of the 
map. The magnetic north arrow may come either 
side of true north. Fortunately, it is only a few 
degrees in most parts of America. For practical 
purposes, the difference can often be ignored, if all 
you want to do is decide which road to take. If you 
are going across unmarked country and want to 
arrive exactly at a certain point, the difference be- 
tween true and magnetic north should be taken into 
account. 


If your compass is the type with the degree 
calibrations on a rotating rim, or bezel, or in the 
base, turn the calibrations so north is truly in line 
with the base or the case (Fig. 6-4A). If the side of 
the map has been checked to be true north and 
south, put the compass over the border and turn the 
map until the border and the north/south line on the 
compass agree (Fig. 6-4B). This assumes true 
north and magnetic north are the same, which may 
be accurate enough. The map and the part of the 
earth's surface it represents will be set correctly in 
relation to each other, except for the error due to 
the difference between magnetic and true north at 
that point. In many cases, this is more accurate than 
you need for the setting, so nothing more has to be 
done. 


If you want to allow for the difference, note 
what this is. As an example, suppose magnetic 
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Fig. 6-4. Amap set with a compass on the border (A, B) does not allow for magnetic north, so should be moved to suit this, as 
indicated on the map (C to G). 
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north is 6° west of true north. If the compass has a 
card rotating with the needle, set the map so the 
border line passes through 6° at the northern edge 
and 186° at the southern edge (Fig. 6-4C). The 
compass north end of the needle will then be point- 
ing correctly and the map edge will be true north 
and south. 


SETTING WITH A NEEDLE COMPASS 


If the compass is of the type where the calibrations 
do not turn with the needle, set the calibrations at 
6° and 186° to the centerline of the compass, then 
position the compass over the border so its center- 
line matches. Turn the map with the compass on it 
until the needle points to the north mark (Fig. 
6-4D). You will then have the map edge set to true 
north. 

If it is a map where the north direction is not 
the same as the border of the map, you will have to 
use the north arrows themselves. On some maps 
the arrows are not very long and positioning a com- 
pass over them could result in slight inaccuracies. If 
you know in advance that you will have to use the 
arrows, it is worthwhile drawing a longer line 
through the magnetic north line before you leave 
home (Fig. 6-4E). That will allow you to position 
the compass over the line with certainty (Fig. 
6-4F). If the compass you are using has a rectangu- 
lar base, it could be put alongside the magnetic 
arrow (Fig. 6-4G). The direction, of course, is the 
same. If you are using the magnetic arrow, have the 
centerline of the base and the north point coincid- 
ing. When you turn the map to bring the needle to 
point correctly, you will have allowed for magnetic 
variation and the map will be set correctly in rela- 
tion to the ground and true north. 

If you expect to be making much use of a map 
that does not have its border pointing north, it may 
help to discover the bearing represented by a bor- 
der line and use this for setting the map with a 
compass. Extend the magnetic arrow line so it 
crosses the border. Measure the angle between the 
border and this line, either with a protractor or the 
compass calibrations used as a protractor. In the 
example, we find that the border is running 300° 
west and 120° east (Fig. 6-5A). If you set the base of 


the compass to these bearings and position it in line 
with the border, then turn the map with the com- 
pass on it until the needle and north point coincide 
(Fig. 6-5B), the map will be set in relation to the 
ground. For frequent use of a large map this may be 
more convenient than using the border arrow. 
Make a note of the bearing to use. 

Depending on the shape of the map sheet, it 
may be more convenient to use the border the other 
way. In that case, you have to allow for the 909 
corner. You could continue the magnetic arrow line 
until it crosses the other border and measure the 
angles, if it is conveniently located, or you can add 
90? to the angles found for the other border. In the 
example, this gives us a line running 30? northward 
and 2109 southward (Fig. 6-5C). If the compass 
base is turned to this and positioned on that border, 
the map may be set in the same way as before. 


ORIENTING BY THE SUN 


Finding compass directions by using the sun was 
described in Chapter 3. Even if you have a compass, 
the sun may be sufficient for a casual setting, so you 
take note of its direction and use that. At its zenith 
at noon, the sun is south. You can turn the map in 
relation to the sun then and know it is generally in a 
reasonable relation to the land it represents. At 6 
a.m. you can use the sun as east, and at 6 p.m. you 
can use it as west, so you can allow for other 
directions in relation to these and set your map 
accordingly. 

If you want to be more precise, there is the 
method of using the sun in relation to the hands of a 
watch to find north. If you have a compass with you, 
that is unncessary. It is interesting practice, how- 
ever, in case you are ever without a compass. 

Rather similar to the use of a shadow from 
something across the dial of a watch, is the use of 
your own shadow. At noon, your own shadow 
across the map is north. You can allow for other 
times when you want to set the map quickly and 
approximately to check a reading. If you look at the 
map at 3 p.m., your shadow will be at about north- 
east, and you can turn the map so the shadow falls 
across it in that direction. You will know that the 
top of the map is approximately north. 
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Fig. 6-5. If the north direction is diagonal to the borders, that must be allowed for when setting the map. 


ORIENTING BY THE STARS 


Ifthe sky is clear at night, the North Star gives youa 
clear guide to setting a map (see Chapter 3). If your 
compass does not have luminous markings, you 
may have difficulty in reading it and the map at the 
same time. If you keep the north part of the map 
towards the North Star, the map will be set and you 
can concentrate on reading it in relation to the 
ground. 

A further advantage of using the North Star is 
in avoiding the risk of deflecting the compass. If you 
use a flashlight close to a compass, the electrical 
field set up may cause an error in the way it points. 
Remember this when transferring bearings you 
obtain when using the map to the compass for find- 
ing your way. Keep the flashlight as far as is possi- 
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ble from the magnetic needle to still see the com- 
pass with it. 


POSITIONING BY COMPASS 


The methods already described for finding where 
you are in relation to identified objects is made 
much easier and more positive by using a compass 
with the map. As before, you may have a good 
general idea of where you are and can bring the 
location to a fairly small area of the map, but you 
may need to be able to get as close as possible to the 
exact spot. 

It helps to identify two objects, preferably at 
something like 90° to each other in your view, but 
you may have to settle for landmarks at very dif- 
ferent angles to that. A third object helps to confirm 


the position obtained from the other two, but with 
compass bearings there is not such a risk of ap- 
preciable error as there was in the earlier method 
without a compass. 

Using compass bearings, you need to work 
with the compass over the map. It may be more 


convenient to put the map on the hood of a car or 
some other level place, which might not be conve- 
nient for taking sights. In wet weather, it may be 
better to have the map іп a tent or hut, where you 
can interpret the readings taken outside, with more 
comfort and a better chance of accuracy. 





Fig. 6-6. A sight may be taken along the edge of acompass (A) and bearings transferred to the map with a protractor related to 
north/south lines (B, C, D, E), or the compass can be used as a protractor. 
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Sight the object from your viewpoint with your 
compass. Ifit is a sighting compass with a prism you 
can merely look across it and read the bearing when 
the object is in view. With a very simple needle 
compass you may turn the rim or base to bring the 
north mark to match the needle, then look across 
the center and read the bearing at the far side. With 
a compass having a rectangular base, you still set 
the needle and north mark together, then sight 
centrally, or along one edge, and read the bearing 
shown over the central line (Fig. 6-6A). Make a 
note of this bearing and go ahead with sighting 
another landmark and reading its bearing. Do the 
same with a third sighting, if one is available. Do 
not confuse your notes of bearings. 

At the map, look for north/south lines in the 
Vicinity that concerns you. They will be a help in 
plotting angles. If they are grid lines, check how far 
they are out of true with the north arrows in the 
border. Usually, they are within a few degrees of 
true and this may be ignored, particularly as your 
sighted bearings could be many degrees out if you 
are using a simple compass. 


PLOTTING A POSITION 


Plotting may be more easily done with a protractor, 
but the compass itself can be used as a protractor. 
Lightly pencil a north/south line through the sym- 
bol of the object you sighted (Fig. 6-6B). Put the 
center of the protractor over the symbol and mark 
from its rim the bearing, or the reciprocal of it (180° 
more or less) (Fig. 6-6C). Draw a line through the 
symbol and this point (Fig. 6-6D). Your location is 
somewhere on that line. 

Do the same at the symbol for another sighted 
object. That line will cross the first (Fig. 6-6E). If 
you have worked accurately, that is where you are 
on the map. To confirm it, plot a third bearing. In 
field conditions, it is very unlikely that the three 
lines will cross on one spot, but the smaller the 
‘cocked hat’ triangle, the better you can consider 
your sighting and the more accurate your location. 
Or maybe the better your luck! 

A rectangular protractor that is also marked 
with a scale is useful in the field, if you know that 
you will want to transfer sighted bearings to a map. 
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In addition to measuring angles, it can be used for 
measuring and drawing lines. Have a soft pencil, 
preferably with an eraser on its end, so anything 
you draw can be removed from the map and not stay 
there as a hard pencil or ballpont pen line would. 

If you are without a protractor and your only 
compass is a round one, you can put it over the 
symbol with its north mark correctly located in 
relation to the lines on the map, then read and mark 
the degrees you want from its scale. You cannot 
achieve such accuracy as you would with a protrac- 
tor. 

If you have a compass on a rectangular base, 
greater accuracy is possible. Ignore the needle. 
Turn the rim of the compass so the bearing you want 
coincides with the centerline marking of the base. 
Put one edge of the base through the symbol and 
turn the whole compass until its north/south mark- 
ing agrees with a meridian or other north/south line 
on the map (Fig. 6-6F). Keep the edge of the base 
through the symbol. When the north/south reading 
is correct, the edge of the base is at the bearing 
angle and you can draw a line through it. Repeat at 
the other one or two locations, and you will get a 
similar result to using a protractor. 

All of the above methods of finding where you 
are have ignored magnetic variations and assumed 
that magnetic, true, and grid (if any) north are 
sufficiently near for differences to be ignored. If 
there is an appreciable difference, you must allow 
for the variation, as already described. It may be 
worthwhile practicing and plotting bearings in an 
area known to you, where you know the sighting 
location and the position of landmarks. This will 
allow you to check the accuracy of your working and 
enable you to make plots ignoring magnetic varia- 
tions and others with it, to see the difference. In 
many cases, the variations have a cancelling effect 
and both sets of plots may arrive at the same spot, 
but at other times the differences may be enough to 
matter. 


FOLDED AND CASED MAPS 
In practice most maps are used folded. Opening a 
map completely may be impractical, particularly in 
bad weather or strong winds. You should note how 


the map is folded. Nearly always the folds are north 
and south and east and west. For setting the map 
you can use a folded edge, without having to open 
the map. A vertical fold will also serve as a meridian 
when plotting directions on the map. So that you do 
not have to open the map to discover information, 
memorize the scale or make a note of that and 
anything else you may want to know while the map 
is folded. 

For outdoor work, it is best to keep the map in 
a transparent plastic case. It may still be folded, but 
perhaps not as small as when being used loose. 
Usually the case is sufficiently clear for details to be 
seen through it. If you want to plot or otherwise 


mark directions or information without removing 
the map from the case, you can do it on the plastic 
with a wax pencil. This may not be as exact as 
marking directly on the map with an ordinary pen- 
cil, but it will probably serve. The wax pencil line, 
however, may rub off accidentally. Easy removal 
may be an advantage for corrections and altera- 
tions, but could be a nuisance if a line you wanted 
has gone before you intended it to. Important in- 
formation is better marked directly on the map. One 
advantage of a case is that it can hold a protractor 
and scale rule as well as the map. You may also 
include the compass, if that is not already on a cord 
around your neck. 
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Finding Your Way with a Road Map 





HE SORT OF MAP WITH WHICH MOST OF US ARE 

familiar is a road map obtained from a filling 
station, the American Automobile Association, or a 
state welcome station. We may have bought a Rand 
McNally, or other, road atlas, to get maps of all the 
country within one cover. There are a great many of 
these maps aimed at automobile users who want to 
get across considerable distances, usually by the 
most direct route and in the minimum time. 

The map may serve just that purpose, or it may 
indicate the locations of places of interest for the 
tourist or vacationer. If it is an oil company map, 
there may be emphasis on the location of that com- 
pany's filling stations. If itis a state map, there will 
probably be information on places of civic and 
tourist interest. Some give-away maps may not be 
as reliable as they seem. They may have been 
produced as advertising, with little regard for more 
recent alterations, new roads, or other features that 
could affect where you want to go. Any map has 
some value, but it is worthwhile checking the an- 
tecedents of a map before placing too much reliance 
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on it. Maps used to illustrate such things as 
campground directories may have additional infor- 
mation overprinted. If that did not register exactly 
in the second printing, there could be important 
errors. In that case, a written description of a route 
may be more reliable than a map. 

If you intend to traverse a part of the country 
once and will be using freeways or other major 
highways, it may not matter much what map you 
have, providing it shows the more important places 
along the route. If there are errors, it is unlikely 
that they will affect your travel. If you are more 
concerned with an area in which you can expect to 
travel frequently, and not always by the same 
routes, it would be wiser to start with a map of 
known accuracy. Care is taken with maps officially 
issued by states. (The feedback resulting from an 
error would reflect badly on the state officials and 
legislature.) Commercially produced maps are in a 
similar position. Their publishers take care to keep 
them up-to-date. This means that, in both cases, 
you should get the most recent issues and not rely 


on one someone has passed to you after having had 
it for many years. The older map may be useful for 
preliminary planning, but you should pick up a new 
state map when you cross a border or be prepared to 
spend a little on the most recent edition of a com- 
mercially published map or atlas. 


SCALE 


Think about how you intend to use the map. If you 
want to travel coast-to-coast, the map that shows 
the whole route has to be quite a small scale to get it 
on the paper, so there cannot be much detail. It 
might well be at 100 miles per inch, and at that scale 
you cannot expect to find more than the main towns, 
state boundaries, a network of interstate highways, 
and some other of the more important roads. That 
may be all you want for preliminary planning. You 
can sort out the route you will take, you can note 
road numbers and estimate or measure probable 
distances between stopping places. If it is to be a 
dash by the most direct route, without any side trips 
or any interest in places along the way, you might 
just travel with the aid of this one map, but almost 
certainly maps of bigger scale for parts of the route 
will provide helpful information along the way. The 
countrywide map may take roads apparently 
through towns, where actually you can go around 
them. The larger-scale map will give you this in- 
formation. 

As scale gets larger, a surprising amount of 
additional information can be included. At 20 miles 
or 25 miles per inch, most states go comfortably on 
to apiece of paper of reasonable size and it becomes 
possible to show all roads of any importance, with 
just about all towns and townships. Some road maps 
do not give much information on rivers. There may 
be lakes and sea inlets, but only the very large 
waterways may be drawn. Possibly rightly, the 
compilers of the maps think that a motorist 1s not 
concerned with water, but a bridge over a river can 
be a useful landmark, allowing you to pinpoint 
where you are on a road. Many road maps of 
medium-scale do not show railroads, probably as a 
result of the same reasoning that leaves out rivers, 
but the presence of a railroad nearby or its crossing 
of a road, over, under, or on the level, can be 


another useful guide to exactly where you are on a 
road. 

The choice of a suitable scale for a road map 
depends largely on the density of population. If 
there are more people, there are more roads. For 
instance, most of what matters to the automobile 
driver in Pennsylvania might be put on a map with a 
scale of 10 miles per inch, but in the Philadelphia 
vicinity this would not show much besides the major 
highways. If the area there was enlarged to about 2 
miles per inch, there might be space for every road 
ofany use to motorists, so he could cross the area or 
go to places of importance or special interest. 

That would still not tell you how to get about 
the city center itself. For that to be in sufficient 
detail, the map would have to be drawn with each 
mile represented by several inches. Quite often 
such a map may be inset into the border of the main 
map of a more moderate scale. The problem with 
that arrangement is that it will overlap part of the 
main map. It is usually placed so what is hidden is 
unimportant or part of another state, but it may be 
better if several of these very large scale plans are 
grouped separately. This is quite often done on the 
back of the main map, but that makes it difficult to 
relate what 1s on one map with the other, as you 
cannot look at them side by side —unless you obtain 
a second map. 

The scale shown in the border of a road map 
is often quite insignificant, hidden amongst other 
things in the margin— possibly just a line repre- 
senting 1 mile, 10 miles, or whatever the compilers 
thought would be convenient. If there is no state- 
ment that the map is drawn to '5 miles per inch' or 
whatever it is, you should convert the inadequate 
little scale reference to something more easily un- 
derstood. For convenience in fitting the map to an 
atlas page, the scale may be an odd amount. Most of 
us are used to thinking in inches, so see how many 
miles on the map are represented by one inch, even 
if it is an odd amount like 43% miles. That might be 
more easily remembered as 19 miles per 4 inches. 
If you are not too certain about your powers of 
estimation, check the scale length of your first 
thumb joint. In this case it might represent 6 miles. 
If you are sitting beside the driver and reading the 
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map, you can move your thumb along a road to 
measure distances. It would also be helpful to draw 
your own longer scale in a vacant space along a 
margin. 

On many maps, distances along roads are 
marked, so you do not have to rely on measuring or 
estimating them. Somewhere in the margin, or at 
the front of a road atlas, you should find an explana- 
tion of how the distances are indicated. They vary 
between makers of maps. One method uses arrows 
or ticks pointing at the road, usually at a town or 
road crossing (Fig. 7-1A). Ifthe arrows are colored, 
the distance is a figure in the same color between 
them. A more complicated method uses dots and 
arrows with distances in one color, with others in 
another color giving longer cumulative distances. 
You should then be able to read an overall mileage 
as well as intermediate ones that give you a guide to 
distances between smaller places or road junctions. 
With simple arithmetic, you can add short distances 
to overall distances to get accurate mileages be- 
tween places some way apart. 

Where interchanges are marked on a road and 
numbered, the numbers may indicate distances in 
miles from the state border or some other key 
point. In that case, subtract one number from the 
other to get the distance between them (Fig. 7-1B). 
If the interchange numbers do not indicate mileage, 
there should also be a figure showing distance. 

On most road maps, there is a grid marked 
along the edges to use with an index for finding 
places on the map. The grid divisions may be re- 
lated to scale. If so, it is worthwhile remembering 
the scale distances between marks, so you can use 
this as a guide when estimating distances between 
points. 


ELEVATIONS 
It is very unusual to find contour lines on a road 








Fig. 7-1. A road map may show distances between marked 
points (A), or exit numbers may indicate mileages (B). 
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map. For anyone with a little experience of mapping 
in wilderness or undeveloped country, this can be 
disconcerting. You can easily get the impression 
that the state shown on the map is flat, when actu- 
ally heights are very different in some parts of it. 

Fortunately, freeways and other through 
highways are built so that slopes are never more 
than an automobile can climb without difficulty. 
Even then it may be annoying to find you will be 
climbing steadily among slow-moving trucks for 50 
miles or so, when you assumed that even ifthe road 
was not level, elevations along it would not vary 
much, and you would be dealing only with modest 
rising and falling. 

Even without contour lines, there are some 
clues to the state of the terrain. If most roads are 
straight and cross each other with a regular pattern, 
and show no or few curves, the land surface must be 
fairly level. If the roads twist about on the map, that 
is usually because they had to be built to get up and 
around hills using reasonable gradients. If the 
names of places on the map include 'gap', 'sum- 
mit’, ‘pass,’ or other indication of height in their 
name, the road there must be higher than it was 
further back, so be prepared for hills. Both sorts of 
roads can be seen on a map of South Dakota, where 
there is a mostly straight geometric arrangement of 
roads in the east, but towards the southwest corner 
of the state, roads and names show there must be 
some high country. 

Road maps often give spot heights of hills or 
mountains that stand above the surrounding coun- 
try. Often, ifthe whole area is high, there may be no 
general height indication. The spot height is more 
of a landmark than a clue to the gradient of a road 
near it. Where a road climbs through a mountain 
pass, there may be a spot height marking the sum- 
mit of the pass. If there is a height near the road 
some place else, the two figures give you an idea of 
how much you have to climb in a particular distance, 
but that could mean a steep slope at one end of an 
otherwise gentle slope, rather than an even gra- 
dient. : 

If a road skirts a large lake, its general eleva- 
tion must be fairly static, because water remains 
level. That does not mean the road will be without 


short rises and falls on lakeside cliffs and other land 
variations. You cannot expect, however, to be 
making any big climbs while by the lake. If there is a 
river on the map, you can ascertain its direction of 
flow from high to low. Unless it is a rapid river, the 
fall of a road near it may only be slight. 

The compilers of maps without contour lines 
assume that any modern car is capable of negotia- 
ting any road drawn on the map. That is probably so, 
but it would be useful to know more about eleva- 
tions along the road you are travelling. Sometimes 
the elevations of towns are given in the index. If 
there are places of interest along the road, guide 
books and leaflets about them may tell you heights. 
If you expect to travel to an area you do not know, a 
contour map is worth consulting in advance, even if 
it does not show roads and may just be a school atlas 
of the whole country. This will give you an idea of 
general elevations in that part of the country, com- 
pared with where you are starting and intermediate 
places. You will then know if you will be slowed by 
hills or may gain in speed and fuel consumption by 
going down hills. 


ROADS 


How roads are marked depends largely on how 
many colors the mapmaker has available. Consult 
the information in the legend or margin. There 
could be ten different ways of showing roads. 
Freeways are usually most prominent. They could 
be dark blue with a red border. The comparable toll 
road might be almost as prominent dark green with 
a black border. In both cases, if the road was under 
construction at the time the map was compiled or 
revised, it may be shown broken. Other four-lane 
divided highways have their own color, possibly 
orange with a red border (Fig. 7-2A). All of these 
almost shout at you from the page. The makers of 
the map assume, probably rightly, that most users 
want to know about these through routes before 
anything else. 

Other roads may not be so easy to differen- 
tiate. A principal highway that is not four-lane and 
divided, may be a broad red line, while other almost 
similar highways are also red, but narrower (Fig. 
7-2B). You may have to look closely to decide which 


is which. Lesser roads may be grey or another less 
prominent color, and at the bottom of the scale are 
close parallel lines (Fig. 7-2C). Usually it would be 
unwise to use an unimportant road without local 
knowledge, even if it appears to save a few miles 
compared with one that is obviously in motoring 
condition. 

The signs that you expect to see along a high- 
way, indicating its class and number, are repro- 
duced on most maps in a reduced form, so the 
symbol can be identified in the shape you expect, 
although there may be some simplification to suit 
the small reproduction (Fig. 7-2D). The actual style 
used will vary a little between mapmakers, so 
check the sample symbols shown in the margin or 
legend. For instance, an interstate sign may be 
yellow with a black top and number, or it may be all 
black with a white number. Where there is a busi- 
ness loop or spur, green may be used instead of 
black. U.S. Highway signs are usually drawn as 
open shields, in black or red line, with the number 
the same. State and county roads may be more 
simply marked, if the scale is large enough to have 
space for their identification. With smaller scale 
maps and areas with many roads, it is more likely 
that only interstate and U.S. Highways will be 
marked. 

If your map includes part of Canada, the 
Trans-Canada Highway will be marked with a 
stylized maple leaf on a shield (Fig. 7-2E), while 
other Canadian Autoroutes have a simpler num- 
bered shield. If the map takes you over the Mexican 
border their principal highways will have their own 
numbers in an arrowhead-type of shield (Fig. 7-2F). 

Road markings on the map will have fairly 
obvious meanings, but always check the legend. 
Variations in shape and color may tell you more than 
you expected. 

With many maps having insets of larger scale 
portions to illustrate particular or congested areas, 
the road markings are generally similar to those on 
the main map, but there could be additional infor- 
mation shown by variations in the width a road is 
drawn, the color used, or the type of its borderline. 
A special legend nearby should explain this. There 
may be arrows indicating one-way systems. You 
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Fig. 7-2. Road types are indicated by the way they are drawn, and symbols show their classification. 
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may find that where two roads appear to join on the 
smaller scale map, they actually cross by one going 
under the other, as shown on the inset larger scale 
map, and there may be no facility for interchange. 

If you need to get past a city, there will proba- 
bly be a route that takes you around. Quite often 
this leaves the main highway well outside the city 
limits, so check your map in advance. The shortest 
route may be straight through the city center, but it 
will be quicker on most days to go a few miles 
further around the marked bypassing route. If you 
have to go into the city to find a particular place, the 
inset map may guide you there. Examine this in 
advance for names of streets, any one-way streets, 
and the turns you have to take. It may help to list 
these on a separate sheet. In busy streets, there 
may be little time to pause and read your map, but a 
list prepared in advance, that gives turn directions 
as well as street names, may allow you to keep 
moving. 

If a limited-access highway crosses the map, 
you will need to know where you can join it or leave 
it. There may be symbols to show interchanges—a 
square at the junction is common (Fig. 7-2G) —but 
there could be more you need to know that cannot 
be shown at the small scale. At some places, you 
can leave, but not join the freeway. There may be 
other peculiarities. 

For more detailed information in these cir- 
cumstances, some maps carry an additional dia- 
grammatic representation with every interchange 
shown very much as it is actually laid out. Although 
this is a map, itis not intended to show how the road 
runs and you must refer to the general map for that. 


Instead, the road is artificially brought to a straight 
line on the drawing, which may then be divided into 
many sections to fit on the paper, probably on the 
reverse side of the main map. There is no scale. 

To read such a diagrammatic map, first look for 
its legend, so you know what is indicated. On the 
map (Fig. 7-3) you can see the main highway, usu- 
ally in color. Where other roads cross, you can see 
immediately which goes over the other by the way 
one road has been cut away. River bridges are also 
shown. It is unusual for a waterway to go over a 
road, but that is not impossible, as a canal may cross 
on an aqueduct. 

At each interchange you get a pattern showing 
the various linking roads, so you know in advance 
how you will travel from one road to the other. If the 
other road is of sufficient importance to have a 
number, that is shown. Remember that all of this is 
diagrammatic. Once you have left the interstate 
highway, refer to the general map. The direction of 
that and the other road may be very different from 
what you are imagining while working on the 
straightline diagram, and you will have to orient 
yourself again to more realistic directions. 

Do not try to estimate distances along the road 
diagram. You can do that on the general map, but if 
you want to read distances on the diagram, the 
legend will tell you how miles are marked. The 
interchange exit numbers are prominently shown, 
possibly with the number boxed. Other numbers 
alongside the road give distances between inter- 
changes, usually taken to one place of decimals, 
such as 5.1, 1.5, 10.2, and 0.6. Note the last one— if 
the distance is less than 1 mile, the zero sign goes in 





Fig. 7-3. Crossings and exits of interstates are shown diagrammatically. 
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the unit position so you do not overlook the decimal 
point. Distances are almost certainly marked in 
miles, but remember that the metric system is 
coming, and you may find distances in kilometers. 
There should be a prominent note on the map to say 
so. In Canada or Mexico, you will find kilometers 
rather than miles. 

Remember that the diagram of the limited- 
access highway is just to show you how to get on and 
off, with distances along it and some brief informa- 
tion about where linking roads go. Use it only to get 
that information. If you are travelling far, refer 
occasionally to the general map, which shows the 
actual directions and turns of the road and where 
places really are in relation to it. You will then have 
a much better idea of the situation and can position 
yourself on the map in relation to the surroundings, 
rather than feel like some sort of automoton di- 
rected along a straight channel on which you are 
having difficulty in keeping awake. 
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LEGEND INFORMATION 

Road atlases and state highway maps try to tell 
motorists more things of interest to them than 
would be found on a topographic map of the area. If 
it is a state with plenty of recreational areas, 
campgrounds, leisure centers, and other things to 
attract the touring motorist, there will be symbols 
showing the positions of all these. They will also 
tell you the sizes of towns, and may show county 
boundaries. How all this special information is indi- 
cated varies between maps, so you need to consult 
the legend or margin information. 

The size of a town could be important to you. If 
it is small, you can expect to get through without 
meeting traffic congestion, but you may not find 
many facilities there. There may be nowhere to eat 
or sleep, and the stores may not have much to offer. 
A place with a larger population could have more for 
you, but it may be difficult to get through. A really 
large place may be what you want if there is much 
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Fig. 7-4. Some maps use symbols to show populations of towns and different symbols for types of airports. 
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shopping to be done or you want a selection of 
motels to choose from for the night. Unless there is 
a through route shown, it may be better to take a 
bypass road, if there is one, and you only want to get 
past the town quickly. 

There are two possible ways of showing the 
size of a town. Different dots or symbols can be 
used, or all markings can be the same and the size 
type used for the name shows the population. For 
instance, a range of symbols may go from a light 
open circle up to a fairly heavy circled dot (Fig. 
7-4A). If size is indicated by type, similar popula- 
tion groups start with quite small and light type, 
with the size and heaviness increasing to very 
prominent letters. A snag with the letter sizes 
comes in densely populated areas, with other city 
centers besides the prominently marked one. The 
heavy lettering may obscure some place else. 

Beside the dot, the actual area covered by a 
larger town may be shown, usually with shading 
taken to the approximate portions covered by 
houses or to the city limits. The state capital usu- 
ally has asymbol incorporating a star (Fig. 7-4B). A 
county seat may have its name in a different color. 

The symbols used for parks and recreation 
areas vary between maps, but green is the pre- 
ferred color. If it is a state with varied recreation 
facilities, there may be many indications of what is 
available. For instance, state forest land may be 
overall green, while state park land may have white 
diagonal lines across the green. A state park may be 
shown by a symbolic tree. Ifthere are historic sites, 
they have their own symbols. 

An airport is marked by an airplane, as might 
be expected, but on many maps you can tell what 
sort of airport it is, either by the type of airplane 
drawn or the way it is arranged. An airline service 
airport may have a plane in a circle, while a general 
service airport is without the circle, and a military 
airport has a more warlike plane outline (Fig. 
7-4C). 

Inset maps of local areas to a larger scale may 
have additional symbols. Look for their own legend. 
Within the vicinity of large cities you may find 
special markings for passenger railroads, park- 


and-ride areas, and bus terminals that are of use to 
commuters. 

On the insets and the main map there may be 
markings to show places of interest. These are 
usually numbers on colored backgrounds so they 
are easily seen. From the number, you have to refer 
to lists giving details of museums, historic sites, 
and other places worth visiting. Such lists give 
plenty of information without crowding the map 
with detail. 

Most maps have grids with reference letters 
and numbers along the borders, but not lines across 
the map. Somewhere alongside the map or on the 
other side of the sheet is a comprehensive index of 
all the towns, cities, and other communities named 
on the map, with their grid reference alongside. 

To find a place on the map, you may be able to 
run your eye across from the margin grid markings 
in both directions and spot what you are looking for. 
That may not always work, particularly if there are 
many names in the area and the one you want is not 
very prominent. You then need a straight edge to 
put across in both directions. The edge of another 
map or a newspaper will do. With luck a straight 
edge in one direction and an estimated line the 
other way will get you to the place you want, but if 
necessary, lightly pencil along the edge in one di- 
rection and move the straight edge to the other 
reference to locate the exact square in which your 
place is. Sometimes you can drop on the place name 
if you have just a vague idea of where it comes in the 
grid crossings. On another occasion, you may get to 
the stage of pencilling in the outline of the square 
and thinking the mapmaker forgot to put in the 
name. Such is map reading! 

Welcome stations are important places for 
anyone travelling across states. They should be 
marked near border crossings. There you can get 
state maps and a considerable amount of informa- 
tion, accompanied by local maps. Obviously, the 
greatest demand is for tourist information, but for 
business interests you should be able to find maps 
there to suit your needs, not necessarily on display 
in a rack. You can get street plans of the larger 
communities in the state. It is worthwhile arranging 
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to enter a state where there is a welcome station chart, showing the distances between prominent 
near your road, so as to get complete, up-to-date places on the map. This may be arranged squarely, 
maps and other information. with names along two edges. You follow down the 

Margin information usually includes a mileage line from a place name until it crosses the line from 
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Fig. 7-5. Many maps have charts showing distances between towns. Two types are shown. 
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another place name. The figure given is the dis- 
tance between them (Fig. 7-5A). In another chart 
arrangement, the names are placed diagonally, but 
you still follow down from the higher name until the 
line crosses a line coming from the other name (Fig. 
7-5B). With this arrangement, be careful that the 
names exactly match their lines, or you could work 
along a wrong column. 

It is best to treat the distance you obtain in this 
way as a general guide. Obviously, the figure is 
very close, but when you make the journey your 
distance may be slightly more or less. The listed 
distance will be the most direct, but not necessarily 
the quickest, if it passes through congested areas 
that you choose to go around. There could be more 
than one way in any case, with different distances. 
The listed route may include a ferry or tunnel, 
which you prefer to avoid. The compiler of the chart 
will have worked from a map. Some roads shown 
reasonably straight may actually include many 
twists and turns too small to show on the map, but 
which can add a few miles to the total distance 
between points. Another problem is deciding from 
where to measure. The point in a town that you 
decide is your destination may not be the one the 
chart compiler used. 

As a final check on margin information, look for 
an arrow or symbol that represents north. Some- 
times it is a fairly elaborate symbol instead ofa plain 
arrow. Sometimes it is not there at all. In that case 
you must assume that the top of the map is north. 
The map compiler may be confident that everyone 
knows the shape and direction of his state, and he 
need not provide a compass direction. Even then, 
you will probably find latitude and longitude figures 
along the edge of the map. If the height of latitude 
markings on opposite sides of the map from the 
bottom margin are the same, that edge is running 
east and west, and the side edges are north and 
south. Do not expect longitude markings on top and 
bottom edges to give you the same result. They are 
converging towards the top, and the distance along 
the border to a longitude mark on the top edge will 
be more than to the matching marking on the bottom 
border from the side of the map. 


SIMPLE ROUTE FINDING 

The main use of a road map is for finding your way 
when travelling in some form of vehicle. The type of 
vehicle has some bearing on the choice of road. 
There are places where you would happily go in a 
compact car, but would hesitate to take a large truck 
or even a motor home. If your vehicle is large, you 
need to take particular note of the method of indi- 
cating types of road. The shortest way on the map 
may not be for you. Instead of a minor narrow road, 
you would get there quicker and with less trouble if 
you took a longer route with larger roads. 

Even with a straightforward single road be- 
tween your start and finish, there 1s more informa- 
tion you can extract from.a map than appears at first 
glance. Suppose you have spent the night at a motel 
just off the I-95 and will get back on to it at the same 
interchange, somewhere near the South Caro- 
lina/North Carolina border. You intend to get 
across the South Carolina/Georgia border before 
your next stop on your way south. 

You could just get on the interstate and keep 
going, but you can start off with greater knowledge 
if you do some preliminary map reading. You could 
scale the road to see how far you have to go. In 
South Carolina, the distance from the southern bor- 
der is shown on the map at each interchange, so you 
discover that border to border is about 200 miles. 
Then the general direction you will travel is be- 
tween south and southwest (Fig. 7-6). In the morn- 
ing, the sun will be too far to the east to affect you, 
but by the afternoon you can expect to be wearing 
sunglasses. 

You will want to stop occasionally. There is 
one rest area marked about 30 miles down the road, 
and that may come earlier than you need one, but 
another is shown where the road crosses Lake 
Marion, about 100 miles on your way. That looks 
like a pleasant spot, so you settle on that for a 
mid-day break. You feel you will have gone far 
enough when you cross into Georgia, so what can 
the map tell you about accommodations? Motels are 
not marked, but about 10 miles into Georgia, the 
I-16 crosses the interstate not far from Savannah. 
This is an obvious place for several motels, so you 
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Fig. 7-6. Much planning ahead can be done, even on the interstate, if the available information is interpreted correctly. 
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will make for that area with confidence that you will 
find a bed for the night. 


ALTERNATIVE ROUTES 


The ability to interpret information on a map can 
make route planning simpler when there is a choice 
of roads to follow. Suppose we are traveling south- 
west on the I-65 in Alabama, between Montgomery 
and Mobile, but have to go off the interstate to see 
someone at Blacksher. 

We are strangers to the area and do not even 
know the whereabouts of Blacksher, so we consult 
the map index, which gives us the grid reference. 
We locate Blacksher. The type used to print the 
name is the smallest used for place names, so the 
population is less than 1,000. It is situated where 
county road 61 meets state road 59. At this point, 
road 59 is almost north and south, while road 61 
joins it from the east. Already we know quite a lot 
about this township (Fig. 7-7A). We also discover 
that Blacksher is in Baldwin county, a few miles 
south of its border with Monroe county. 

There are numerous possible ways of getting 
to Blacksher, but can the map tell us the most 
preferable way? The map shows county road 61 
going over the I-65 without an interchange (Fig. 
7-7B). A few miles further on, county road 47 
crosses over, and the square symbol on the in- 
terstate indicates there is an interchange. More 
interchanges that have possibilities come within 15 
miles (Fig. 7-7C). 

Suppose we go off at the first road 47 inter- 
change? There is a choice of direction. We can go 
west to ajunction and turn north, but there is a short 
piece of road going east to join the county road 61 
that will allow us to turn north over the interstate 
and get to Blacksher that way (Fig. 7-7D). The way 
the roads are drawn on the map indicates that they 
are two-lane and paved, so witha car or small truck 
there should be no problem either way. This is 
almost a toss-of-a-coin situation, but what does the 
number in a red hexagon mean? That refers us to a 
list of attractions. In this case it is a vineyard and 
winery. If that interests us, it may settle which 
direction we choose. 

From Blacksher, we want to get back to the 


1-65 and continue to Mobile. If we went back down 
road 61 and turned on to road 47, we could continue 
to join the I-65 further west than we left it (Fig. 
7-7E). However, state road 59 seems more direct, 
particularly if we turn on to state road 225 at 
Stockton, and follow it to its meeting with the I-65 
(Fig. 7-7F). Unless we have a good reason for going 
the other way, this is the obvious route because 
state road 59 is shown to be a larger road than the 
others. 

If our vehicle is larger, we shall have to decide 
if county roads 47 and 61 are suitable for it. They 
probably are, but it may be advisable to go off I-65 
and look at them. The diagrammatic map of the 
interstate shows that it is possible to get off and on 
again if we decide not to use these roads. If we want 
to be certain of a larger road for our vehicle we can 
go on to state road 59 and exit there, then on the 
return journey go back to the same place, or use the 
fork of the state road 225 to save two or three miles. 

On the Alabama highway map of about 8 miles 
per inch, that is as much as can be shown. It is 
possible to find out quite a lot from what is pre- 
sented. For anyone with a car or truck wishing to 
find their way to a small township, all they need is 
onthe map. That is the object of this particular map, 
but some people may need to know much more 
about a small area. In that case, it is possible to get 
maps on larger scales, showing counties or even 
smaller areas, with much more information in- 
cluded. A topographic map would also show eleva- 
tions by contour lines. 


CHOICE OF ROUTE 


If you wish to travel far in anything but the more 
remote areas, and there is no obvious through route 
to your destination, you will probably be faced with 
deciding on an alternative. This often applies when 
your destination has several possible converging 
routes. You have to weigh up the advantages of 
maybe three possible routes, all of which involve 
changing roads and directions many times. For in- 
stance, suppose you want to go by car from town A 
to town B (Fig. 7-8). There is no direct road. The 
map shows a controlled-access, divided highway 
crossing between you and the destination, while 
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Fig. 7-7. Getting to a place away from the interstate can be managed in several ways, and the suitability of various routes have 
to be assessed. 
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Fig. 7-8. A map allows you to plan in advance which of many roads you will use to get between two points. 


there are two multi-lane undivided highways. The 
other roads shown indicate that they are two-lane 
paved roads. You are satisfied that you car could be 
used without trouble on any of the roads shown. So 
far as you know, the elevation of town A is not very 
much above town B on the coast, and you do not 
expect to meet more than a slight rise or fall on any 
of the roads. 

There is always an attraction about large di- 
vided highways. If you want to travel fast without 
interruption, is the one shown of any use? Inter- 
changes are possible at C and D. Two other roads 
that cross it and might have been more use, do not 
connect with it. If we join the road at C, we have to 
leave it at D, then travel either way some distance 
without getting any nearer our destination. Will 
that be worthwhile? If we go north, we must turn 
east at E and cross the divided highway to F. If we 
go south, we can turn east at G to reach H. From 
either of these points we can go to J and so to 
town B. 


Without knowing more of road conditions and 
traffic problems, it is difficult to decide which of 
these routes is better. Distances do not seem very 
different. The only way to decide may be to use a 
map measure along the roads. 

There are, however, other ways. You can get 
there by using roads further south and ignore the 
divided highway, which you can cross at C to reach 
K. You may go under the divided highway to L, then 
to К, and onto M. It would be possible to go north to 
G, across to H, and so to J. In total distance, it is 
probably less than either of the other routes, al- 
though you spend slightly more time on the poorer 
roads. But there is another alternative. You can 
turn south to N and then east, or you can continue to 
P and turn east. Much depends on the quality of the 
road going from N to Q. If you prefer the better 
roads, you continue to P, and go back through Q 
towards the coast and town B. It will be a little 
further, but you should gain in speed and ease of 
travel. 
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If you are keen on exploring back roads, there 
are other possible ways of getting from town A to 
town B. The object of the trip may not be to get 
there with the minimum mileage. You may be in- 
terested in seeing more of the country in a particu- 
lar area, and that will settle which route you take. It 
could be that you need to visit a place on the way. It 
may be that you have been between town A and 
town B before, and you want to try a different route. 
If you have to return to town A, you can go one way 
and back another. Unless the signs are good at road 
junctions, this is not a journey to start on without a 
map. Even then you should not expect to find direc- 
tions to town B given at early interchanges. 

Another choice comes when there is an in- 
terstate or other limited-access multi-lane high- 
way, cutting across the states in broad sweeping 
curves when it is not a straight line. It allows traffic 
to move smoothly and steadily, but it was not al- 
ways there. Before it was built, there were other 
roads going the same general direction. In some 
cases, the new road has taken over the bed of the 
previous one, so there are no roads running close to 
its direction any more, but in many places the old 
road is nearby. 


If you want to travel far and fast, you use the 
interstate highway. There are occasions when you 
must, but many of the older roads are more in- 
teresting and surprisingly less crowded. The in- 
terstate has taken the large trucks and automobiles 
that need to get somewhere quickly. At one time, 
all of that traffic went on the other road, but now 
most traffic is local and not much of it is fast. Your 
map will show you if there is still a good road that 
will get you at least partly in the same direction as 
the interstate (Fig. 7-9). 

Of course, such roads pass through towns, but 
if any of these are large, there may be bypass roads. 
The roads may be wander, and between points that 
match on both roads, you may find the second road 
is several miles further. 

Sometimes the old road goes some way from 
the new road, but there are interchanges at nearby 
points. You can leave the old road for the new one 
and stay with it until you are attracted by the old one 
again. In many cases, youcan be sure the old road is 
fairly large and in good condition if it has a U.S. 
route number. In some cases, it is a named high- 
way. 

Even if you do not have time to travel more 
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Fig. 7-9. Besides interstates there are often other roads which can provide alternative routes. 
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leisurely on the old road, it is worthwhile noting 
places where short roads can provide interchange 
between the two. If you need a store or to fill up 
with gas, you may go off the interstate and follow 
the old road through towns. You may shop more 
cheaply in a small town than where all the other 
motorists in a hurry shop. You can rejoin the in- 
terstate at another interchange. 

An advantage of the old road is that it has more 
links with other roads in all directions. With the 
limited access of the interstate, you may not be able 
to join the road you want directly. It may only go 
over or under, without any link roads. If you check 
in advance, you can get on to the old road in time and 
make a turn where you want to, without having to go 
past on the interstate to an interchange that lets you 
off to return by back roads to the road you wanted. 

An interstate highway is fine if the place you 
are heading for is close to it, but if it is some way off 
and you stay with the interstate until a sign for the 
town leads you off, you could find yourself in line 
with large numbers of other vehicles all going to the 
town, in the same direction. Quite often it is possi- 
ble to find other roads off the old road beside the 
interstate that do not carry directions to the town 
because the roads are unsuitable for heavy traffic. 
Your map reading may allow you to leave the in- 
terstate earlier and go along the nearby older road. 
You can approach the town on another road to avoid 
the congestion on the major approach. 


DISTANT ROUTE PLANNING 


In flatter areas, more roads were laid down north 
and south, or east and west, than in other direc- 
tions. In more hilly country, the roads have to 
follow terrain to keep the gradients moderate. Road 
patterns on the map are then far from geometric. In 
places that have long been settled, and particularly 
those with a great population density, roads may 
not conform to any pattern. They may have followed 
around a person’s property or have followed tracks 
that the first settlers found were easiest going for 
mules or oxen. 

The north/south and east/west grids of roads 
are fine if you want to go in any of these directions, 
but if you need to go diagonally, you have to work 


out a zigzag course. Even with the other road pat- 
terns, there are many times when there is no obvi- 
ous route across them to your intended destination. 
If there is a free or toll multi-lane limited-access 
highway in the right general direction, that will 
probably be your choice and other roads will be 
chosen to link with that at suitable points. If you 
have to hundreds of miles, such a road is easier, 
unless you have the time and inclination to travel 
more leisurely on the other roads. 

If your intended journey, however, seems to 
be always crossing roads instead of going along 
them, you will have to work out a more or less 
complex route. Start your planning with a map that 
shows you both your start and finish on one sheet, 
even if that is quite a small scale and there is not 
much detail. The advantage is that you can see what 
part of the country you have to cross and pick out 
key places on the way. You will need maps of a 
larger scale for greater detail of parts of the jour- 
ney, but if you try to plan on them you may find 
yourself deviating considerably from the shortest 
route. 

There are good planning maps produced by the 
American Automobile Association (A.A.A.), or you 
may find them in some atlases. You need a guide 
to the free and toll limited-access highways, with 
other principal highways, and the main towns they 
serve. Along the eastern seaboard and for many 
hundreds of miles inland, you may find a maze of 
through routes already there. You will have little 
difficulty in choosing the best way to go. If you want 
to go north or south near the western coast, the 
choice is obvious, but there are many parts of the 
greater continental areas where you will have to 
discover roads that can be used for part of their 
lengths to get you to your destination. 

Lay a straight edge between your intended 
start and finish. Lightly pencil along it (Fig. 7-10A). 
A straight line follows the shortest distance be- 
tween two points. If you were flying, you might 
follow that line, but on the ground we have to follow 
manmade roads. 

On our imaginary route, the first road that is 
any use to us goes some way off a straight line, so 
we shall have to take it. That first straight line is no 
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Fig. 7-10. When planning a long-distance route, any necessary deviations from a straight line have to be planned as if from a 
new starting point. 


longer any use to us, so we go on the first road to the 
next convenient point and draw another straight 
line (Fig. 7-10B). Find a road that will take us a 
reasonable distance in the right direction and follow 
it until it deviates too much, then put down another 
straight line to the destination (Fig. 7-10C). 

As you progress in this way, there are other 
things to consider. How far do you hope to travel in 
а day? You may have to find a motel or campground 
each night. It may be better to make a small diver- 
sion from a straight line to find what you want. In 
the preliminary planning, note these requirements, 
but this first survey is only very provisional. There 
may be places of interest on the way and your route 
can deviate to suit them. Remember that once you 
have gone off a previous straight line, there is 
nothing to be gained by returning to it. What you 
need is a new straight line to work from, starting 
where you find yourself at that time. Unless, of 
course, it is a minor deviation, and you could be 
getting back to a better road. 

In this preliminary survey, try to settle on 
some key places that are close to the route, prefer- 
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ably marking daily distances (Fig. 7-10D). Now 
turn to the larger-scale maps and use them to plan 
how to get from one key place to the next. In this 
way you will not be tempted to choose what seems a 
better road, but which gets you over to the next map 
some way off the best route. The larger-scale maps 
will show you if your original ideas are feasible. 

To travel long distances it is best to avoid back 
roads as far as possible, but there are places where 
a state or county road may provide a link between 
two useful highways. Consider such roads for short 
distances as connections, but otherwise it is better 
to always choose roads on which you can hope to 
maintain a good speed. Your study of large-scale 
maps may give you ideas that were not obvious on 
the small-scale planning map. If necessary, go back 
to it and revise your key places or daily distances. 

Use guide books, campground guides, and 
motel directories. You may have to look for some 
accommodations on the way, but the more you 
know in advance, the better is the planning and 
probably the easier your state of mind. 

When you have plotted the route and divided it 


into daily sections, make notes to guide you. Divide 
your notes into daily sections, with the names of 
places, road numbers, and distances, which you can 
get from the maps. There is little point in planning if 
you do not set out with the intention of keeping to 
the planned route, but do not make a fetish of it. As 
you progress, you may want to make variations. 
You may travel more or less in a day. You may 
discover information on a place you ought to visit, 
that delays or puts you off the intended route. If 
something like that happens, there is usually no 
value in going back on the originally planned route. 
Instead, study your maps again and plan how to get 
to your destination from the new position. 

On such a lengthy traverse of the country, it is 
worthwhile taking along a straight edge, preferably 
marked with scales of your maps. A pair of dividers 
or a map measure are useful for stepping off dis- 
tances on the maps. You may find little real need for 
a compass, when you are travelling long-distance 
highways, particularly if you have the sun to guide 
you, but a compass may confirm what you work out 
by other means. There may well be such an occa- 
sional occurrence as a thick fog or a black night and 
no signs at a crossroad, when it helps to know 
north. 


FINDING YOURSELF 


A navigator tries to know where he is at all times. 
Even in the midst of an ocean, the ship navigator 
uses various aids to locate his position as precisely 
as possible. Frequent position locating is important 
if he is to eventually reach the correct destination. 
Ashore, we have solid objects with known loca- 
tions, so identifying positions should not be very 
difficult, but we all know of occasions when our 
sense of direction has gone completely astray and, 
for the moment, we are very uncertain of where we 
are. 

A simple problem is ‘How far we trav- 
elled?’ If we are on a road without landmarks, and it 
seems to go on interminably across a desert or 
other featureless terrain, or even in country with 
landmarks obscured by darkness and heavy rain, we 
begin to think we ought to have reached the end by 
now. Maybe we should have noted the mileage 


shown on the odometer when we started, but it is 
too late now. We can borrow the ocean navigator’s 
method of dead reckoning. He knows his speed and 
direction and the time elapsed since last ‘getting a 
fix’. If none of his other methods of locating his 
position are possible, that gives him something to 
work on. If another method is also possible, the two 
can be checked against each other. If we noted the 
mileage reading and the time at the start, we know 
how far we have travelled and can measure on a map 
or estimate how much further we have to go. If we 
want to, we can put a spot on the road map to mark 
our present position. 

Suppose we noted the time, but did not read 
the starting mileage. We can make a reasonable 
estimate of our speed and from our watch can dis- 
cover the time elapsed since we started. A simple 
calculation will tell us approximately how far we 
have travelled and how much more of the road is 
before us. 

If the navigator is sitting beside the driver, he 
or she can usually keep map reading in step with the 
actual roads traversed, but if the driver is alone and 
has to do his own navigation, it often happens that 
he has gone further than he last planned. That, and 
the position when he stops, are separated by an 
unknown amount. Even with a separate navigator, 
there are occasions where you make several turn- 
ings, roads fork unexpectedly, and you take one on 
chance. Or the road doubles back and crosses one 
you were on previously; you overshoot an intended 
turning and take a further one in the hope of regain- 
ing the intended route, but do not. Or a landmark 
that you expected on the right is on the left. We all 
do it occasionally, so do not panic. 

It helps to first orient the map to the land. If 
you have a compass, use that. Get away from the 
car, so the compass needle is not deflected, and 
determine north, then turn the map to agree. Be- 
lieve it —there is a tendency when you have become 
disoriented to think directions must be otherwise. 
If you are without a compass and the sun is shining, 
its direction at the time may be all you need to set 
the map. A rough check of time and sun, working 
each side of south at noon, will allow you to turn the 
map closely to the right direction. If you are holding 
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the map in front of you with your back in the general 
direction of the sun, your shadow will give you a 
guide. For instance at 3 p.m. your shadow will be 
about NE across the map. 

On a clear night you can set your map with the 
North Star. If there are no stars, or it is a sunless 
day, you will have to use other methods. Can you 
see any landmarks that might be shown on the map? 
One will give you a clue to position in a general way. 
If you can locate two marked landmarks, it should 
be possible to turn the map to agree. Sighted lines 
to them will cross fairly close to where you are on 
the map. If you then consider the lay of the road you 
are on, the proximity of any other roads, and the 
distance you have come since last knowing your 
position, you ought to be able to find where you are 
by a process of elimination. 

Finding landmarks may be too much to expect, 
if you are temporarily lost and visibility is poor. You 
know where you started from. Even if you did not 
note the time and mileage reading, you can make a 
fairly accurate guess of both. From this you can 
determine the general area on the map where you 
must be. You know the road you started on. You 
must have stayed with it at least until there was a 
fork or crossing. Which way did you go then? 
Somewhere further you confused turnings, or you 
would not be lost. What are the possibilities? If you 
had gone one route, where would you expect to be 
now? If you had gone a different way, where might 
you be? There may even be a third possibility. 
From those projections you will have to allow some 
tolerance, due to speed or time not being quite what 
you thought. However, you can put one, two, or 
three marks on the map as possible positions. 

Check the location of other things on the map. 
If you are at one marked spot, there may be a group 
of houses further along the road. If you are at 
another spot, there may be a fork in the road soon. 
Identify as many likely places as possible. Think 
back to your more recent movements. Did you join 
the road you are on from another? Maybe the map 
shows such a turning in relation to one of your 
marks, but not to others. Was the last mile or so of 
road straight or curved? How does that compare 
with the map? If none of these guides give you a 
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positive position, you may have to continue, but you 
now know what to expect to find from any of the 
marked possible locations. If you find that group of 
houses or forked road, you are back on course with 
your confidence improved, if not fully restored. 
Once you have established a position without 
any doubt, it will probably be best to stop and 
decide your best route from there. You could be 
some way from where you originally intended to go 
and have to work out a new way to your destination. 
So that nothing goes wrong this time, look at alter- 
natives, then if you take a wrong turning, you 
should know where you are, even if it is the wrong 
place. You can get out of it without getting lost. 
It is natural for human beings to look ahead, 
rather than upwards or behind. There may be little 
need to look upwards when map reading, but we 
should look back more than we do. A direction 
opposite to the way we intend to go is a reciprocal 
bearing, 180? different from it. We may not be 
working in degrees, but it is useful sometimes to 
get oriented to things behind us. You can look back 
and locate towns and landmarks you have passed 
more easily than some you have yet to come to. 
With their aid you can orient your map and then 
check on places ahead of you. Distances behind you 
may be known or more accurately estimated. If you 
are uncertain exactly how far you are along a road, 
those distances taken with others estimated by 
comparison ahead will better determine the spot 
you are on— both on the ground and on the map. 


INTERPRETING TOWN PLANS 


A street map of a town or city is usually on quite a 
large scale. You may find 3 inches or more repre- 
senting 1 mile. After the small scale, by compari- 
son, of a state or other expanse of land covering 
many miles, you have to turn your thoughts to 
distances between points in hundreds offeet, rather 
than miles. This means that, if you drive into the 
town without appreciating the scale you are using, 
you may overshoot the turn you want by many 
streets before you realize it. Getting back may not 
be easy. 

The very large scale allows for considerable 
detail. You can expect to find churches, museums, 


halls, and other prominent buildings marked. Even 
if you are not visiting them, they are good land- 
marks. If you stop and ask the way, a local person 
will often tell you to turn right by the Methodist 
Church, continue to the Post Office, and the ad- 
dress you want is just past there. Such places are 
often more easily identified as you approach them 
than a sign saying ‘NE 50th. St.’ beside one of 
them. Before entering a city by car, it helps to list 
landmarks as well as street and avenue numbers, so 
you do not find you have to make a panic turn across 
the traffic because you have just seen the street 
number you want at the last moment. 

Town plans do not always give you the right 
impression of a town. The business districts of 
older cities may be a maze of towering concrete 
canyons, with little space for parking. A map deal- 
ing with a newer midwestern town of considerable 
size may represent something much more spacious, 
where there are gardens around buildings and the 
streets are broader. You have to consider the age of 
the place. It is helpful to obtain a brochure or book 
with photographs, so you can visualize what you 
will be driving into. Even then, allow for publicity 
photographs being flattering, without an indication 
that the pleasant view you are shown is due more to 
the careful angling of the camera than to the appear- 
ance of a vast area. 

If the town plan shows park-and-drive or com- 
muter railroad stations, you can be sure it is a town 
where a visitor might be unwise to drive. Even if 
you do, you may have to park some way from your 
destination and pay well for the privilege. If you go 
into a city by bus or subway, it is very easy to 
emerge on the streets completely disoriented. The 
sun may be hidden by buildings. You could use a 
compass, but probably the best way of finding di- 
rections is to get to a crossing and discover the 
names or numbers of the streets both ways. Even 
then, be careful not to be the wrong way around, if 
the names are the same both ways and the streets 
cross squarely. Usually there is some other feature 
that will help you to tum the map the right way, 
such as a marked church on a corner or a marked 
building further along one way. If you are still un- 
certain, and cannot find anyone to give you direc- 


tions, you may have to walk a block to another 
crossing, then the two considered together will 
positively show you how the map should be in rela- 
tion to the surroundings. 

In a large city, it is very easy to waste a lot of 
time going by wrong ways to places of interest. Plan 
ahead. If you are using a car, that is very important 
because you may not have time to stop. You will 
have to settle for instant directions. If you are on 
your feet, you will not want to walk unnecessarily, 
but you will have time to stop and study the map. In 
many cities, places of interest are surprisingly 
close —remember the very large scale. 

If city streets and avenues are numbered and 
cross squarely, planning where you want to go is 
not difficult, even in such large places as Chicago. 
Most places have other roads going diagonally, and 
you should check ahead where these come in rela- 
tion to the other crossings, you can orient with 
them. If there are throughways and you are using a 
car, you need to plan ahead where to leave for your 
intown destination, or you may go miles further 
before you can get off again. 

If you are driving, check on the map for one- 
way streets. There may be arrowheads on the 
mapped roads or small arrows beside them. Make 
sure your map is the most recent one. Of the many 
features in a town, the one-way systems seem to 
change most often. An old map may show you a 
two-way street where it is now one-way, probably 
with the flow opposite to what you want. 

If your main interest in a town plan is in finding 
your way through because there is no suitable 
bypass, you may have to follow regular streets that 
everyone else seems to be using. If you have no 
particular reason for going into a business district, 
it is often possible to plan a way via streets further 
out from the center and get through quicker, even if 
the distance is slightly greater. 

Of course, in many towns and cities you can 
find an interstate or turnpike that will get you 
through quickly. Remember these are limited- 
access highways. The map will show you where to 
get on and off. 

The town plan may show you other principal 
roads that are intended for through traffic. Not all of 
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these are without forks or crossings; plan ahead so 
you know where you have to turn. There should be 
signs ahead along the roads, but among all the other 
signs, advertisements, and other attributes of 
urban life, they are not always easy to see. It is wise 
to know how you intend to negotiate the town from 
your previous study of the map. 
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If there isa river passing through the town, pay 
attention to the location of bridges. A river tends to © 
divide the network of roads into two groups. You 
will have to decide where it will be best for you to 
cross the river and change from one group to 
another, especially if you have to change from one 
limited-access highway to another. 
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Finding Your Way inthe Wilderness 





HEN YOU ARE TRAVELLING ON ROADS, MAPS 
W are worth having and you might find a use for 
a compass. If you travel without them, the result 
could be inconvenient —although not disastrous. If 
you get away from roads and start to explore unde- 
veloped country, a map and compass may be essen- 
tial and going without them could have serious con- 
sequences. When there are no man-made signs to 
finding your way, you have to depend on natural 
features and your ability to interpret a map to make 
use of them. With map and compass you can enjoy 
walking, horse riding, or canoeing in unknown and 
unspoiled country. Without them you could lose 
yourself and, if nothing worse befalls, involve 
search parties in a lot of unnecessary work rescuing 
you. Using map and compass in country that is 
undeveloped and rarely travelled by man brings 
home the value of these aids. Finding your way is 
for real—if you go wrong there is unlikely to be 
anyone you can ask. If you come to a halt there will 
not be a passing motorist to stop and help, as there 
might be on a road. You depend on your own re- 


sources, and these include your map and compass, 
with your knowledge of how to use them. 

Obviously, the free, or almost so, road maps 
you pick up at filling stations are no use in the 
wilderness, except perhaps for access to your 
starting point. They may show you places around 
the perimeter of your chosen area, where you might 
come out and find transport. They can help you to 
orient in relation to nearby man-made features, the 
location of townships and similar things. If you see 
aircraft landing and taking off outside your area, 
such a map may show you the probable airport. 
Even if you are going into the wild to get away from 
civilization, you cannot avoid seeing aircraft. The 
knowledge of where they are heading might be 
useful in settling your directions or confirming di- 
rections found by other means. 


TOPOGRAPHIC MAPS 


The maps you аге most likely to find uses for are the 
7TYe-minute series national topographic maps. 
These are 1:24,000 scale, so 1 inch on the map 
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represents 2000 feet. The actual area covered var- 
ies because it covers an area between any points of 
72° latitude and 712° longitude. Longitude me- 
ridian lines come closer together as the area rep- 
resented is taken further north, but as a rough guide 
in deciding on the choice of map, estimate each as 
covering about 8 miles each way. Very similar in 
relative coverage, but twice as wide, аге the 7⁄2 x 
15-minute series to a scale of 1:25,000, where 1 
inch on the map represents about 2083 feet. 

Either of these maps gives the greatest 
amount of detail, but if you are planning to be in the 
wilderness for long and to travel some way, you 
may find you need a very large number of these 
maps and carrying all of them may be a problem. 
There are 15-minute series maps to a scale of 
1:62,500 which makes 1 inch represent nearly 1 
mile. As the name indicates, the quadrangle is en- 
closed within 15? of latitude and 15? of longitude. 
As a rough guide in choosing these maps, estimate 
each as covering about 20 miles each way. As a 
further rough guide, the distance you walk in the 
wild in a day is unlikely to go right across such a 
map, so even for travel near a straight line, two 
maps should be least cover three days travel. As 
you will not usually travel straight and may actually 
be moving about in a closer area, the number of 
maps you need to this scale may be very few. 

See the index sheets of maps at the chosen 
scale and get enough. Make sure the maps you have 
when you set out cover more than the area you 
intend to travel. It is always unwise to assume that 
there is nothing of importance just over the edge of 
a map and not bother with the next one, although 
you intend going that way. A trail that leaves the 
map and comes back again a little further along, may 
actually go in a long loop on the next map and 
include some hazards you should know about. You 
may have decided on the route you intend to take 
and have maps to cover it, but something may arise 
that necessitates you getting out to civilization 
another way, and you should make sure your maps 
will cover such emergencies. 

The 7%-minute series maps certainly provide 
considerable detail. If there is one area where you 
will concentrate your exploration and such a map 
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contains it, that may be worth having, even if you 
decide not to have that scale for other maps and use 
15-minute series maps for the rest of the area. 


COMPASSES 


Your compass will be needed for setting the map 
and for plotting courses, and there will be occasions 
when you have to steer by it as you constantly refer 
to it to keep on course—like a ship, although you 
may be pushing through trees and undergrowth. 

Because of this, it is advisable to have a com- 
pass that can be used for sighting with a good de- 
gree of accuracy. It could be a sighting compass of 
the military type, where you can read the bearing at 
the same time as you sight it. It could be one of the 
cheaper and popular compasses with a rectangular 
base, as described in Chapter 3. A plain compass, in 
a round case and with an undamped needle, would 
not be useless, but results obtained from it might be 
some way from the precise bearings obtained with 
one of the other compasses. 

It is unlikely that a compass will become dam- 
aged, but it is always possible. It might be lost or it 
could be crushed in an accident. If you are without a 
compass, it is always possible to get a reasonably 
accurate direction using the sun or stars, but a 
compass is much more accurate. If you are going 
into the wilderness, it is advisable to have a second 
compass, preferably carried by someone else. This 
is not a book on planning wilderness travel, but it is 
always safer to be with at least one other person and 
both ought to have compasses and know how to use 
them with the maps. One person may be incapaci- 
tated. There should always be another who can still 
navigate to safety, in the same way that a reserve 
compass is desirable. 

For security, a compass should be on a strap or 
cord around your neck, but do not just let it swing as 
you walk. Put it in a shirt pocket or inside your 
shirt. It could have its own case, but you need to be 
able to refer to it without trouble, so do not use a 
complicated way of packing it. Some military 
sighting compasses need several actions to open 
and remove their cases and set them up for use. In 
hard service conditions, that packaging may be de- 
sirable, but most of us want something simpler. 


If your planned trip into wild country is your 
first, do not wait until you get there to practice how 
to use your map and compass. You can learn to set a 
map with a compass and plot a course anywhere, 
providing you have a local map. It need not be a 
topographic map. You could use a town plan or a 
road map, providing you can get somewhere to see 
enough of the area it represents. There may be a hill 
or the top of a building, where you can orient the 
map and use the compass with it. With these man- 
made fixed things you can check the accuracy of 
your work. People who wear glasses sometimes 
have difficulty in getting accurate sights with a 
compass. If this is your trouble and you find your 
readings are always a degree or so left or right, now 
is the time to discover it, instead of when you are 
actually hiking miles through unmarked terrain. 
With advance discovery of the flaw, you can allow 
for it when in the field. 

A useful exercise in taking bearings is a com- 
pass walk. In its simplest form you check how 
accurately you can walk around an equilateral 
triangle. Set your compass to any bearing that will 
get your triangle within the available ground—say 
30° (Fig. 8-1A). Mark your starting place on the 
ground with a coin, stone, or peg. Walk in the 
direction you have set your compass any convenient 
distance, counting your steps. At this point add 
120° to the original bearing (this is the outside 
angle of a triangle with equal sides and angles). 
With the new setting (Fig. 8-1B) walk the same 
number of steps on that course (in this case 150°) to 
another corner of the triangle. Add 120° to get the 
third course (in this case now 270°), and walk in this 
direction (Fig. 8-1C). If you have kept an even 
steady pace and have walked exactly on your com- 
pass courses, you should finish at your starting 
point. Getting it exactly right may be too much to 
expect, but if you are very far out, try again witha 
different first angle. Of course, the longer the sides 
of the triangle, the more risk there is of variation, 
so try your skill on larger triangles. 

It is more complicated to have triangles with 
different sides and angles. You could set out one 
with a rule and compass on paper, then treat that as 
a map and repeat the course to any convenient 


number of paces on the ground. This will give you 
practice in maintaining courses at odd angles, using 
intermediate settings on the compass. If you do not 
want to set out a triangle on paper, you can use a 
triangle with the sides in the proportion of 3:4:5. A 
triangle set out in that proportion has 90? between 
the two short sides, but the other two angles are 
37? and 53? (Fig. 8-1D). You can pace a base line (in 
this case east and west), say 40 steps, then turn 
north and go 30 steps (Fig. 8-1E). You can turn 
there and go 50 steps on a course of 233°, which is 
53? west of south (Fig. 8-1F). That should bring 
you to your starting point. Try other arrangements. 
Start with a different corner. Use the 50 steps side 
as a base and see if courses from each end meet at 
909. 

You сап draw courses to scale on paper, using a 
protractor for the angles. Set one another tests to 
see who can get nearest to the intended destination 
on the ground (Fig. 8-1G). This could be just a 
matter of a few paces in each direction in your yard 
or you could make it a treasure hunt with longer 
distances between points over a field or larger ex- 
panse of land. Work out a check bearing and dis- 
tance on your drawing between the start and finish 
(Fig. 8-1H) so you can confirm the nearest com- 
petitor with a check on this straight course. 


FIELD WORK 


We may talk of going into the wilderness, but it is 
difficult for most of us to find a part of the country 
where man has not left his mark in some way. There 
may be forest tracks left from earlier tree felling. 
There may be an overhead power line. There could 
be fire lookouts. Compared with the country most 
of us know, however, this is wilderness and those 
pieces of evidence of man's work might be useful 
landmarks when we start finding our way. 

The simplest exercise in navigation comes 
when it is possible to see the destination from the 
start and the terrain between is fairly flat and 
unobstructed—the sort of situation in a desert or a 
large expanse of flat cleared land. Suppose you have 
left your car and the last road behind you and are 
about to hike into undeveloped country. Amid the 
mostly open land, your map shows you a group of 
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Fig. 8-1. Practice in setting and following a compass course can be by testing on triangular and other courses. 
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trees a few miles away in the direction you wish to 
go. You may spot the group of trees with no further 
guidance from the map, but if there are other trees 
breaking the skyline, you may be unsure for which 
group to aim. 

Orient the map with your compass. Locate 
where you are on the map and sight through that 
point and the trees on the map. You should then be 
able to identify your group of trees and not confuse 
them with others (Fig. 8-2A). Another way is to use 
the compass as a protractor on the map in your car 
or at home before you start. Draw a line between 


your start and the group of trees, then put the 
compass, or a protractor, on the line and read the 
bearing from the north direction of the map (Fig. 
8-2B). At your start, set the compass to this bearing 
and sight across it to see the trees (Fig. 8-2C). 
Once you have located the group of trees, you 
can probably just walk to them without bothering 
about the course, but land which is apparently flat 
when viewed from a distance may have undulations 
across it. If the hollows are more than 6 feet deep, 
you can be out of sight of your destination when in 
one, so it will help to know the bearing to follow 





Fig. 8-2. A sight across a map may be converted to a compass bearing and followed as you travel. 
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until you are high enough to see the trees again. 

You may think you will have no difficulty in 
walking in a straight line. You probably will keep 
straight if you have a target in front of you, but when 
walking with nothing particular in view, most of us 
follow a curved course. We have heard of people 
who have been lost, coming back on their own 
tracks, showing they have walked in a large circle 
when they thought they were keeping straight. If 
you have to walk some way out of sight of your 
destination and then come high enough to see it 
again, you may find you have strayed from your 
original course. If that has happened, take a new 
bearing of the group of trees (Fig. 8-2D) and discard 
the old one from now on. 
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INTERMEDIATE LANDMARKS 

Suppose your destination is too far away to see, orit 
is hidden by trees or unevenness in the ground. The 
way you expect to walk seems reasonably flat and 
you do not anticipate any obstructions that would 
prevent you walking direct in a straight line. Obtain 
the bearing of your destination from your map and 
compass. Sight in that direction. With luck you will 
see something that will serve as a landmark for the 
first stage of your journey. It may be an isolated tree 
almost on your line of sight. It could be a crag or 
projecting rock. The tree may not be marked on 
your map, but contour lines may show the crag if it 
is of sufficient size (Fig. 8-3A). 

The first landmark need not be exactly on your 





Fig. 8-3. Natural features may be sighted and plotted to act as guides to your position as you progress. 
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line of travel, providing you can see it as you ap- 
proach, then pass at what you estimate is the right 
distance from it. If it is marked on the map you can 
find how far away it is. If it is not marked, you will 
have to estimate its distance. Estimation is some- 
thing that improves with practice. When you are 
walking it is very difficult to estimate speed and 
distance. Usually you do not travel as fast as you 
expect when on rough ground amid trees, under- 
growth, and rocks. Distances you have to travel 
may be thought of in time as well as feet or miles. 
You might manage 4 miles per hour on flat level 
open ground, but in wilder conditions 2 miles per 
hour is a more likely speed. So, estimate how far to 
the first landmark and how long you expect to take 
to reach it. Ifit is not obvious after the elapsed time, 
look around for it. If you have been walking with 
frequent reference to the compass, you should find 
it easily. 

Having got that far in the right direction, you 
have to decide how to carry on. If the destination is 
visible, your route is easy. Most probably, it is not. 
Is there another intermediate landmark? If it is 
easily seen, that is fine, but if you are now in a 
hollow or surrounded by trees, you will not see 
anything very far away. 

There may be a feature on the way that is 
shown on the map and can be easily identified, such 
as a stream (Fig. 8-3B). Streams are usually far 
from straight, so if you visualize its meanderings, 
you may be able to identify a particular place on it 
when you reach it. Again, estimate your probable 
distance and time to the stream. Suppose the gen- 
eral flow of the stream follows a sweeping curve. 
When you get to it, you can check the direction of 
the part you have reached with your compass and 
refer to the map. Be careful not to be misled by 
minor twists in the course of the stream. The bear- 
ing of the stream will then give you a clue to where 
you are on it (Fig. 8-3C). It may be worthwhile 
exploring the stream a short distance each way to 
see if there are any sharp changes of course that can 
be identified on your map. 

From here you may be able to set a course to 
your destination, or you may have to find some 


other landmark to use as a guide. If there are no 
landmarks on or very near your route, it is still 
possible to make use of things far away, but likely to 
be seen while you are walking. Suppose there is a 
pointed hill away to the right of your route, easily 


seen and identifiable on your map (Fig. 8-3D). You 


can take a bearing on it and check that this agrees 
with a bearing between your location and it on your 
map. This is not essential, but it confirms you are 
not mistaking the hill. 

There may be a gap in the trees along your 
route. If you travel on a compass course and come to 
a gap where you can see the hill, take a bearing on it 
and plot the line on your map. This should cross 
your course where you are (Fig. 8-3E). You will not 
have walked in an absolutely straight line, so treat 
this as approximate, but it should indicate the im- 
mediate area you are in and show if you are going 
the right way. 

If the hill is visible most of the time you are 
walking (on what you hope is the right course), you 
can take bearings on it at intervals. These sight 
lines crossing your course line will show how you 
are progressing (Fig. 8-3F). If another identifiable 
object comes into view as you progress, take its 
bearing as well. Where this line on the map crosses 
the one from the hill is more likely to be your exact 
location than where either ofthe sight lines crosses 
your route line (Fig. 8-3G), because your line of 
travel may have deviated. If you have walked sev- 
eral miles through rough country, even with fre- 
quent reference to the compass, you could now be 
some way off course. 

Whenever any calculated position puts you off 
course you will have to check all you can over again. 
It itis something identifiable on the map, there will 
be no doubt. If you do not know the place, and 
bearings do not agree, you will have to weigh up the 
factors and decide which are most probably right. If 
youare not where you expected to be, itis no use to 
spend time saying 'At X we should have gone 
straight on instead of turning right, then at У... 
You must get from where you are now to your 
destination. Discard details of what led up to your 
present position. Later, you may work out what 
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went wrong and learn by experience, but what you 
have to do now is set anew course from the spot you 
are on to your destination. 


OFFSET COURSES 


You soon discover that theory and practice do not 
always agree. It is possible to set a course on a map 
and decide that if you keep going in that direction for 
several miles you will get exactly where you want. 
The course may be worked out on the map to the 
nearest single degree, but when you start walking 
with the compass, you can only refer to it occasion- 
ally. Your reading may be regarded as good if you 
are within 5? of the plotted course. You may cover 
the distance and arrive in the general vicinity of 
your destination, but may not be able to find it. You 
might spend much time fruitlessly searching. 

Suppose the destination is a hut on a forest 
track. It could be a position on a stream or a rock on 
an escarpment. If there is something identifiable 
crossing our general direction, that can be used as a 
lead, or saver, to get you correctly placed at the end 
of the hike. In the case of the hut on a track, you 
might arrive at the track and be unable to see the 
hut, so you have to explore along it. If you choose 
the wrong direction first, you could waste a lot of 
time walking before deciding to turn back and check 
the other way. 


That can be avoided by deliberately offsetting 
the course, so you hit the track knowing which side 
ofthe hut you are. Suppose the direct course shown 
on the map is 265°. The route is through trees for 2 
miles, with nothing on the way to check the accu- 
racy of the course (Fig. 8-4A). Even if you are very 
careful to check the bearing frequently, you could 





Fig. 8-4. Planning a route to one side of your destination 
means you know which way to go if you reach the path. 
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finish up on the track maybe up to %-mile either 
side of the hut. 

Instead of using a direct route, the course is 
set 10? to whichever side you choose. The terrain 
or the windings of the track may influence the 
choice of bearing, but as an example, try to follow a 
course of 2759. If you travel exactly on course, you 
arrive at the track knowing which way to go to the 
hut (Fig. 8-4B). This arrangement allows you up to 
10? error. This is a good enough for your course 
reading, and it will still get you there. 

Much depends on your ability to maintain 
travel on a bearing. For a short distance you may 
choose a lesser offset, or you may have to use a 
larger one for a greater distance or awkward ter- 
rain. However, if the distance is great, you will 
probably use intermediate landmarks. You can 
maintain course as directly as possible until you 
reach the landmark between your last landmark and 
your destination. You offset that enough to allow for 
any errors you may make. 


DETOURS 


Usually we go into wilderness country for pleasure 
and not just to go between two points by the short- 
est and quickest route. This means that we want to 
move about in various directions and may prefer 
easier and pleasanter routes than might be followed 
in straight lines. Obviously, we need to know 
where we are and how to get to certain places, but 
our travels are not just mapping exercises. 

If we leave a straight line, there have to be 
safeguards to avoid getting lost. If there are enough 
landmarks that we can get bearings on, it should be 
possible to wander freely and pinpoint our position 
on the map when we need it. Freedom to move 
about without constant checks is dependent on the 
terrain and your experience. 

You may depart from a straight line where the 
direct route goes over some impassable, or at least 
undesirable, obstruction, and you need to go around 
it. It may be just a high ridge of land that would be 
laborious to climb over, when contours on the map 
show there is an easier route possible by going 
around (Fig. 8-5A). There are several possibilities, 
particularly if the obstructing hill represents only a 


small part of the distance you want to go. 

You could maintain the direct route until quite 
near the hill, then go around it until you can resume 
the direct route again (Fig. 8-5B). You could aim 
immediately for a point that would get you around 
the hill on fairly level ground, and then take а course 
straight from there to your destination (Fig. 8-50). 
You may prefer to follow a more curved route (Fig. 


8-5D), or you could combine methods, such as tak- 
ing the first halfway and then going straight to your 
destination. 

It helps to have landmarks, or steering marks, 
additional to the hill, which may be prominent 
enough to be seen from your start. If there is 
something on the side of the hill where you will 
make the detour, that is most useful for sighting. 





Fig. 8-5. To pass an obstruction you can go around in several ways, while using your compass to keep you on course. 
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Even if it is off the route you hope to take, you may 
be able to take a bearing of it. If the hill itself has a 
sufficiently prominent top, that can be used for 
bearings, but usually such a hill is rounded and you 
cannot determine a spot that is visible all around. 
There may be atree or other object that youjudge to 
be visible from both sides. That could be used for 
checking a direct course (Fig. 8-5E) before and 
after your detour. 

Suppose the straight line course is 190°. Get 
as near as the course will get you to the foot of the 
hill so you can still see the chosen tree. Take its 
bearing. If it comes exactly on 190°, you are lucky, 
but tree positions may not be like that. Suppose the 
bearing is 180° (Fig. 8-5F), which is 10° less than 
the course. Go around the hill until the bearing of 
the tree is 20° (Fig. 8-5G). That is 10° less than the 
back, or reciprocal, bearing of your route line. 
When you have reached that point you know you are 
in a position to resume course on 190° to your 


destination. This would be correct if the distance 
from the tree is the same both sides of the hill. It 
will probably not be, but the error will be slight and 
the course correction will be as close an approxi- 
mation as the rest of your navigation. 

If the straight line route goes through the tree 
or other marker, all you have to do is go around the 
hill until the tree is the route bearing (+ or — 
1809)— in this case 10° (Fig. 8-5H), then get back 
on your forward course. 

It may be possible to get by with a detour to 
one (Fig. 8-6A) or two points. Ifthere is а landmark, 
use it. If not, you can get fairly accurate results by 
estimating distances or counting steps. When you 
get to a suitable point, alter course by 60? and go a 
definite distance in that direction (Fig. 8-6B). You 
will have to judge the distance travelled to put you 
about square to the line of the direct route and with 
enough clearance on the other side of the hill to get 
back to your direct route without climbing. 





Fig. 8-6. An obstruction can be passed in two or more legs. 
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Fig. 8-7. A diversion may be plotted from start to finish to use known positions to change direction. 


Alter course so you return at 60° to the direct 
course in the other way. Travel the same distance 
on this leg (Fig. 8-6C). You can then resume the 
direct course to your destination. Detouring to a 
point may take you further off course than you wish. 
If the hill allows, you can go off a measured distance 
at a known angle, until you can see the route would 
now be easy if you went about parallel to the origi- 
nal way (Fig. 8-6D). There is no need to measure 
that part. When you judge that you can get back on 
the original route, make the change at the same 
angle to it as originally and go the same distance as 
the first angled leg, to the new departure point (Fig. 
8-6E). 

Alternatively, start on a course that will clear 
the hill. If there is a landmark, use it as a guide, but 
otherwise set a course that appears to go to a point 
at the foot of the hill at about square to the direct 
route (Fig. 8-74). Until you get there, you may be 
uncertain of the terrain, and you may find you can go 
closer to the hill or get further away. Continue until 
you judge you are about square to the hill top. A 
bearing of it 90° more or less than the course you 


have taken will serve as a guide, but precision is not 
important. 

As far as possible, find your position on the 
map. You can estimate how far you are from the top 
ofthe hill. You may get a bearing and distance from 
some other identifiable object. Pick your new route 
from that point (Fig. 8-7B). In the particular cir- 
cumstances it may be better to swing out from the 
start. You may have to estimate distances and 
bearings, but it helps to have at least one mark that 
you can find both on the ground and on the map. 
Without this, the alternative is to decide to go a 
certain distance on one bearing, then change to 
another, and so on, to get around the obstruction 
(Fig. 8-7C). 

In any of these detours do not neglect to look 
behind you. You should be more familiar with what 
you have passed than with what you have yet to 
reach. Use reciprocal bearings to check progress 
and to see what course you are on. If you stop 
somewhere and decide that the course should be 
340°, go a short distance on that bearing and look 
back. There may be a particular formation of rocks 
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or pattern of trees at the place you have just left. If 
you expect to have them in view behind you for 
some time, occasionally look back and check their 
bearing. If you are travelling correctly on course, it 
should be 180° more or less than your course bear- 
ing (in this case 160°). Obviously, you cannot be 
walking facing backwards, but an occasional check 
behind will confirm how you are moving and may be 
the only check possible on direction. 


SIMPLE EXPEDITION PLANNING 


If you plan to travel for several days, you should 
have an overall idea of how your routes will be 
arranged, even if you change your plans later when 
you know more about the terrain, discover parts in 
which you want to spend more time, or the weather 
causes alterations. If you have a plan and know the 
area from the map, there is no need to stick rigidly 
to advance ideas, providing you take care not to just 
wander haphazardly and get lost. 

It helps to spend some time learning all you can 
from а тар before moving off. If you discover all you 
can, you will be better able to visualize the country 
and know what to expect as you walk across it. 
Pauses for map reading will be mainly for checking 
what you expect, rather than surprising you with 
some information you had not noticed before. As an 
example, suppose you are planning a fairly leisurely 
two days in an area you do not know, except from 
the map. You сап get to the bridge on the trail in the 
southeastern corner of the map (Fig. 8-8). You think 
it would be interesting to go up to Buzzard Rock, 
then down to camp near Squaw Lake, and return 
next day via the hut shown near the eastern side of 
the map. 

You note that a straight line from the bridge to 
Buzzard Rock is about 4 miles and from there to the 
lake is 3 miles. It seems probable that the walking 
distance may be up to twice this. Is your party 
capable of walking 14 miles? Suppose you get to 
Buzzard Rock, but fatigue makes you decide to 
shorten the distance to camp. You could still find 
water if you camped near the higher part of Squaw 
Creek. If you camp near Squaw Lake, a straight line 
from there back to the bridge is about 5 miles. You 
might walk 10 miles. Having established what 
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seems feasible and made plans for a shortened al- 
ternative, you can study the map to visualize the 
country. 

The trail bridge over Lone Creek is at an ele- 
vation of about 880 feet. You should be able to see 
the radio mast at 1190 feet. From the map you 
discover the bearing on that is 306°. A check helps 
to orient the map. From the map, you check that 
Buzzard Rock is on a bearing of 325°. Use your 
compass to sight in that direction. Can you see it? 
Trees may obscure the actual rock, but the outline 
ofthe trees should give you a good idea of where it 
is. 

What about the hut, 2 miles north of you? It is 
higher than you and the country is apparently open, 
so you may see it, but it could be hidden by an 
outcrop of rock, a slight rise in the ground, or some 
trees or bushes. A hut no more than 10 feet high is 
easily hidden. 

The map shows the forested part of the moun- 
tain. Check the date the map was made. It could be 
ten years old. Firs, pines, and other softwood trees 
can grow appreciably in that time; so much so that 
they may have been felled. Young trees may have 
grown outside the marked tree line. Hardwood 
trees do not grow as fast, but you may find young 
trees outside the marked line, particularly if it is a 
natural, mixed forest. From the bridge you should 
be able to check much of the shape of the forest and 
see if it agrees with the map. 

Look at the contour lines. They are drawn at 
height differences of 25 feet, with every fourth one 
marked. Towards the northwest corner of the map 
they are much closer than in other parts, so the land 
there is quite steep, but elsewhere the wide spac- 
ing indicates fairly flat country with only slight ups 
and downs. 

Neither of the creeks fall very much, so they 
are quite placid streams. Even where they rise 
within half a mile of each other, they do not start to 
drop very much. There may be occasional slight 
falls, but you would not expect to find rapids. The 
small pond on Lone Creek may be due to rock 
obstructions, an accumulation of driftwood and soil 
or just because there was a hollow there that the 
stream had to fill before it could flow on. 


Squaw Creek appears to have found a hollow to 
fill and make the small Squaw Lake, but the ground 
was obviously soft and porous near the upper end, 
which has left it marshy. It will be interesting to 
check the actual lake formation when you get there. 
The marshy end may have some different wild life. 

The approach to Buzzard Rock could use Lone 
Creek as a guide for much of the way, but which side 
of it? We do not want to wade it frequently. If you 
follow the east side of the creek, there is a large 
sweep of it to push you off direction and, in any 
case, you will be coming back that way, so it will be 
better to keep to the west side of the creek, at least 
as far as the pond. A bearing from the bridge to the 
pond is 330°. If you follow the creek until you note 
that it begins to sweep east, you can then leave it 
and go on acompass bearing to the pond. Your route 
touches the stream again before you get there, so 
that provides a check on direction. 

A direct approach to Buzzard Rock from the 
pond could involve some steep climbing towards 
the end. Without going very far off the straight line, 
you can go south of it to get on to the ridge about half 
a mile south of the rock and walk along the more 
gentle slope to it. Much depends on the density of 
the trees once you get among them. You can proba- 
bly notice when you get to the top of the ridge, but 
as you enter the trees, note the distance and bear- 
ing to the ridge. When you have got that far, note 
the distance and bearing to walk to reach the rock. 

If the rock gives you a high enough viewpoint 
over the trees, you may be able to see Squaw Lake. 
Even if you cannot see the water, the different 
vegetation may indicate marsh. The lake is about 
300 feet lower than where you are and about 3 miles 
away. Its bearing 15 75°. If you are unsure where the 
lake is, sight on that bearing. Something in the 
vicinity should give you a clue. There could be 
willows or other water-loving trees that are not 
present elsewhere. 

The map shows some close contour lines east 
of the rock. If you want a scramble down through the 
trees that may be the way to go, but if you want an 
easier descent, go north along the ridge about half a 
mile, maybe as far as the power lines. Turn east 
down the easier slope shown by the more widely 


spaced contour lines. Once you have broken 
through the trees, your route is less than 2 miles of 
gentle slope and you should see the lake some time 
before you reach it. Because the south end of the 
lake is marshy, your best camp site will probably be 
near the north end, or even a short distance down 
the outfall stream. 

Your journey next day back to the bridge is in 
two parts, first to the hut, then from there to the 
bridge. The contour lines show that the hut is 
slightly higher than the lake and the bridge, but the 
difference is not much. The widely spaced contour 
lines show that slopes are very slight and elevations 
should not affect the ease of walking, unless there 
are outcrops of rock or other obstructions not high 
enough to affect contour lines. 

If you have camped on the north side of the 
lake, and you find that the creek below the lake 
cannot be crossed, you will have to follow the west 
side of the lake and probably sweep further west to 
avoid the swamp. Estimate your position and take a 
bearing of the hut on the map. If you sight on that 
bearing with your compass, you will probably see 
the hut 2 miles away—if not the actual hut, maybe 
some indication of it or the unimproved road to it. 

If you can cross the stream where it runs out of 
the lake, you can set a more direct route and avoid 
going back partly over country you were on yester- 
day. It is about 3 miles and slightly uphill to the hut, 
So you may not see it, but take a bearing and check if 
any evidence of the hut is visible. If you are uncer- 
tain of what you see, walk along the bearing. You 
should see the hut before you have gone very far. 

From the hut to the bridge is almost due south 
about 2 miles and slightly downhill in general. In 
fact you will probably go up and down small undula- 
tions many times. That could be the way you choose 
to go, but it may be more interesting to go about 
220° to the creek and follow its eastern bank to the 
bridge. From there, we assume it is an easy walk 
along the trail to your car parked just off the edge of 
the map. 

This shows what can be read by an intelligent 
interpretation of the map. Do not assume too many 
details of the terrain and be prepared to expect 
variations. There may be unmarked things that may 
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impede your progress. The map shows where there 
is forest and where there is not. The part without 
forest is not necessarily clear and easily passed 
land. Plan ahead with the aid of the map, but be 
prepared to accept the need to modify your plans 
when you get into the area illustrated. 


EXTENDED EXPEDITION PLANNING 


If you intend to go into undeveloped country for 
several days, it is advisable to have all the maps 
necessary well in advance so you can familiarize 
yourself with features on them. In particular, you 
should know all the symbols and be able to get the 
most from them. Most maps do not carry a com- 
prehensive legend. It is assumed that users will be 
familiar with standard symbols and any information 
provided as a legend or in the margin of the map will 
refer to things peculiar to that map. Sheets of stan- 
dard topographic symbols are available, and you 
should learn the relevant ones so you can recognize 
them on any map. It may be annoying or even 
disastrous to discover that there is a symbol you do 
not know, when you are in the middle of wild coun- 
try. 

If the area you will be covering is fairly exten- 
sive, it will be helpful to have one map that em- 
braces all of it, although you may want several maps 
of larger scale to use when you are in the field, as 
suggested in the previous section. The single map 
gives you an overall picture of your probable routes 
and how they will link. Take that map with you or 
leave it behind, depending on circumstances. By 
the time you start, you may be so familiar with the 
routes on the larger scale maps that the wider 
coverage small-scale map will be unnecessary. 

How you plan an extensive trip depends on 
what you want to do. If you are canoeing, you are 
obviously confined to water. If you are walking, you 
should be able to go almost anywhere. If you are on 
horseback there may be parts too impenetrable for 
you. You must decide on your objects. If you want to 
cover as much as possible, you will be thinking of 
the maximum mileage each day. If you are more 
interested in fishing, you may intend to be static by 
a lake for a day or two, the only distances are those 
involved in getting to and from or between fishing 


124 


lakes or rivers. If you are a naturalist, you may need 
to pause occasionally for periods you cannot fore- 
cast. There could be other reasons for going into 
the wilderness. Consider them as they affect times 
and distances, which have to be taken into account 
as you work with map and compass. 

As with the shorter expedition in the last sec- 
tion, make an assessment of what seems a reasona- 
ble distance to travel in each day. How long will you 
allow for being on the move each day? How do you 
expect the terrain to affect progress? What is an 
honest assessment of the ability of your party? As a 
result of balancing these partial unknowns, you ar- 
rive at a figure that you can regard as the distance 
that may be covered in a day, when nothing inter- 
feres. It may be that something of interest will 
warrant a delay. If so, estimate how long you will 
stop there and take it out of the daily estimated time 
and distance. Suppose, as a result of all this you 
decide 15 miles in a day is reasonable. You know 
that, if you had to extend their efforts, your party 
might manage 20 miles, but for preliminary plan- 
ning 15 miles is the figure to work on. When you get 
down to daily planning on the map, daily distances 
will have to vary to suit the locations of intended 
stopping places. The preliminary thinking guides 
you towards planning distances that are possible, 
and prevents you coming up with ideas that will not 
work out in practice. 

If it is country you have been before, you may 
already have ideas about navigating within it. If not, 
look on the map for landmarks that could be of use to 
you. Ideally, there will be somewhere always with- 
in sight that you can take a bearing on, then you 
progress from one sighted landmark to another. 
That may not always be so, but you can check in 
advance where to expect landmarks. If there is one, 
or more, that you can use every day, you should be 
able to travelin the certainty that you can say where 
you are within acceptable limits. 

The landmark may be something prominent, 
like a mountain peak, or it may be something lower 
on the ground, such as a stream, a cliff, or a marked 
trail. If you come to it or can see it and take a 
bearing on it, your map and compass work will be 
confirmed. There are less definite things to use. If 


you find you are consistently going up or down hill, 
you should find contour lines that confirm this. Ifthe 
rise or fall is only slight or not continued for a great 
distance, it may be all between contour lines and 
not indicated on the map. You can judge relative 
steepness from the closeness of contour lines on 
the map. This gives you a general indication of 
position, although not an exact spot. Forest on the 
map also helps in locating, but the edge of forest 
areas on the map may not actually be abrupt changes 
on the ground, unless it is fenced. There could be a 
sudden change from densely packed trees to open 
ground, but it is more likely to be a gradual tailing 
off into scrub and smaller trees. There could still be 
plenty of isolated trees in what the map appears to 
indicate as open country. Do not put too much 
reliance on the boundries of forest being exactly as 
shown on your map. 


SPOT POSITIONING 


At all times, try to know where you are—perhaps 
not the exact spot, but a general area that is not too 
big for you to get back on course before too long. If 
you know that after passing through a gap between 
the hills, you will eventually see the top of a distant 
mountain, it does not matter for the moment where 
you аге, within several miles, as far as navigation 15 
concerned. When you see the mountain, you can get 
a bearing. If you are travelling through dense forest 
without landmarks, it would be better to follow a 
compass course and keep a record of time and esti- 
mated distances. You will then know where you are 
within perhaps ló-mile after walking for 1 hour. If 
you are in open country and can see two landmarks 
and want to wander about looking at things or find- 
ing your way by а circuitous route around obstacles, 
you know that you can always take bearings of the 
two objects and plot the bearing lines on your map. 
You are where the lines cross, within a margin of 
error depending on the accuracy of your work, but 
near enough to give you the general direction of 
travel. If you find one landmark will be out of view, 
it may be helpful to make one last plot before you 
lose it. 

In most country that you plan to traverse, 
there should be enough natural features for you to 


identify. There may even be some man-made ones, 
such as power lines, trails, and rangers' huts. Hill- 
tops are useful, because they can be seen from a 
distance, but if they are rounded and extended in- 
stead of pointed, they do not give you a very 
trustworthy bearing. Use them, but try to get a 
bearing on something else as well. 


DEAD RECKONING 


If part of your journey takes you through forest with 
no apparent features to guide you, you will have to 
use dead reckoning. Although this improves with 
practice, it is unlikely to give you exact results. You 
have to use your compass combined with estimates 
of distance covered in certain times. For a short 
distance, the error may not be much, but if you have 
to travel all day in that way, it is almost impossible 
to prevent small errors compounding to a big one. If 
there is a feature ahead that you will identify when 
you reach it, you may have to scout in several 
directions to find it. 

Be careful not to get lost. Suppose you are 
certain you have travelled far enough, but cannot 
see the hut you expected to be there. If you start 
wandering to look for it among trees, you could 
soon be far from your dead reckoning position and 
have no idea of your position. Go out on a bearing a 
certain number of paces from a marked position, 
then use a reciprocal bearing to get back if you do 
not find the hut. Try many more similar moves until 
you find it (Fig. 8-9A). 

If it is a stream flowing through the trees, and 
you want to get to it where it reaches open ground, 
it will be wiser to aim to reach it upstream of the 
point you want and follow it down (Fig. 8-9B), than 
to aim direct and finish some way from the stream 
(Fig. 8-9C). Similar reasoning applies to a forest 
trail which forks. If you aim directly at the fork and 
eventually come to a trail without a fork, you do not 
know which way to go to get to the fork (Fig. 8-9D). 
If you aim to one side of the fork (Fig. 8-9E), you 
know which way to go to it if your navigation is not 
very far out. 

Faults in dead reckoning may become serious 
if you have to use the method for several days. This 
is unlikely, but an understanding of the problem 
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Fig. 8-9. You may have to search in many directions to correct an error, or you can aim to one side and know which way to go 
when you reach an identified feature. 


helps in making corrections when you are ineasier getting bearings. This could occur in a desert. It 
navigated country. You have to employ dead might occur in dense forest, but most forest is on 
reckoning when there are no landmarks to use for uneven ground, so you may be able to identify rises 





Fig. 8-10. The possible errors become magnified, as seen by the circles, if you plot again at several positions without 
landmarks to confirm where you are. 
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and falls with contour lines on the map, as informa- 
tion to supplement your dead reckoning. 

You are travelling with dead reckoning as your 
only guide, and your course is 100° (Fig. 8-10A). 
After 1 hour, you estimate you have walked 3% 
miles. You feel confident that you have kept on 
course, so you draw a line to the scale length in the 
right direction. At hourly intervals you make simi- 
lar plots (Fig. 8-10B). You have to trust this as your 
only guide, but if you stop after 5 hours you could be 
some way from your plotted position. 

It is not easy to keep exactly on course, nor to 
estimate distances precisely. If you actually wan- 
dered off course by a few degrees or went slightly 
more or less distance, your exact position at the end 
of an hour might be anywhere within a small circle 
(Fig. 8-10C). At the end of that hour you could still 
be close enough to where you intended. As you go 
on making similar errors, the position you are in 
after the second hour could be within any number of 
circles depending on where the actual departure 
point was at the first hour circle (Fig. 8-10D). By 
the time you have travelled 5 hours, the possible 
area in which you finish could be quite large (Fig. 
8-10E). 

Fortunately, some errors tend to cancel out. If 
you underestimate distance in one hour, you may 
overestimate in the next. If you go off course one 
way during one hour, you may go off course the 
other way in the second hour. Do not, however, 
count on having that luck. Continue to navigate as 
accurately as you can. 

When you are using dead reckoning, look for 
other possible aids, even if they are rather vague. 
There may be a very distant range of hills. Try to 
identify the skyline appearance and get a bearing, 
even if you know it cannot be very accurate. The 
surface is rarely exactly horizontal. If you can see a 
slope, check with contour lines. They are usually at 
quite close elevation intervals in that sort of coun- 
try. If you can see the sun, check its direction in 
relation to the time. The line of sight of it will cross 
your track. The North Star does not appear to 
move, as the sun does, but checking it in relation to 
your compass helps your confidence. 

Itis very unlikely that you will have to navigate 


by dead reckoning for long periods without being 
able to get a sight of something that will enable you 
to fix your position. Use all the landmarks you can, 
but dead reckoning is useful as a navigation aid that 
supplements other findings and as a means of 
keeping a record of progress. If you are logging 
your journey, corrected dead reckoning results will 
make your log book entries. 

If you must navigate by dead reckoning in open 
country, do not forget to look behind you. You may 
see footprints or hoof marks in sand or snow for 
quite a long way. You think you are travelling 
straight. The view behind may surprise you. Your 
trail could be curved or wandering. Take a bearing 
of the average direction. If it is very far off a recip- 
rocal bearing of your intended course, you will have 
to correct your course ahead. If this shows that you 
are not navigating as accurately as you expected, 
take back bearings more often. 


VEHICLE NAVIGATION 


In desert conditions you may be using a vehicle. A 
compass inside a vehicle is notoriously inaccurate, 
and the deviation may vary considerably on differ- 
ent headings. Do not depend on a car compass 
without checking and correcting. 

The best way to get a vehicle on a correct 
course is to start by taking a bearing of the direction 
you want to go with a hand-held compass some way 
from the car or other vehicle. Stand ahead of the 
vehicle and sight in the direction you want to go. 
Get the driver to position the vehicle behind you 
(Fig. 8-11A). Walk in the bearing direction far 
enough for the driver to see the way, possibly by 
your footprints. If the surface is so hard that foot- 
prints do not show well enough, put a marker where 
you start walking and another where you finish, 
probably 300 feet or so ahead (Fig. 8-11B). 

Get the driver to line up with the marks you 
have given him. Get back into the vehicle and sit in 
the position you will travel. Have the engine run- 
ning. If you will be using radio or any other electri- 
cal gear, have that switched on as well. Hold the 
compass as you will for navigating the vehicle. Note 
the vehicle heading on your compass. Because of all 
the interference due to the vehicle and its equip- 
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Fig. 8-11. A vehicle route is best found with a compass held some distance from it. 


ment, that reading could be very different from the 
course you read while standing clear, but it is the 
course the to follow while you are in the vehicle. If 
there is another compass mounted in the vehicle, 
note the reading on that. The driver can follow the 
course shown on that, which may not be the same as 
your hand-held compass, but providing both of you 
use your own courses, that does not matter. Obvi- 
ously, you do not bring the compasses close enough 
together to deflect each other. 

Theoretically, if the driver keeps on course 
you cannot go wrong, but it is worthwhile stopping 
occasionally and taking a reading away from the 
vehicle as a check. You сап look behind you and see 
ifthe wheel tracks are straight. It may be advisable 
to make a check soon after starting as the moving 
vehicle may have caused a slightly different devia- 
tion from when stationary. 


FINDING YOUR WAY OUT 


So you got lost? If you still have a map and compass, 
you are not really lost. Do not panic. There must be 
a definite point where you knew you were not so 
long ago. Working from that you can settle on an 
area you must be in. Already it is not so bad. 
Orient the map with the aid of your compass. 
You know that you are not just anywhere on the 
map, but in a fairly small area of it. Concentrate on 
that area. Think back to your last known position, 
even if it was only a dead reckoning one and may be 
represented by a circle. That gives you a starting 
place. You probably left it with a definite aim, even 
if things went wrong on the way, so allow for leav- 
ing that point (Fig. 8-12A). How long ago was that? 
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Do you think you were walking straight? In broken 
country the furthest you are likely to have gone in 2 
hours is 6 miles. Draw or estimate a curve of that 
distance from the start (Fig. 8-12B). It is unlikely 
that if you were not on a definite course, you would 
have got that far, so you are probably somewhere 
inside the circumference and maybe a long way back 
if your course has been erratic. 

Try to get into a position where you can see 
some way. Does the map show anything that would 
serve as a landmark? The highest point of a distant 
range of hills may be marked (Fig. 8-12C). Take a 
bearing of it and believe your compass. When you 
are lost, there is a temptation to think other things 
are mistaken, besides you. If you have a definite 
bearing and no doubt about the object sighted, you 
must be somewhere on the line plotted in that 
direction. Try estimating how far away the hill is 
and that will give you a clue to the scale distance to 
it on the map. 

Ideally, you find another landmark and take a 
bearing on that. Your location is where the two 
sight lines cross, and you are no longer lost. That 
may be too much to expect in rather undistin- 
guished natural country, so we must look for other 
signs. Contour lines can be helpful. If there are 
close ones in another direction and the slope is 
towards you (Fig. 8-12D), you may spot a piece of 
land that matches. Contour lines showing a distant 
slope away from you are not likely to be of much use 
as the ground falling away will not show (Fig. 
8-12E). 

What about the land formation in your im- 
mediate area? Suppose the land is sloping towards 


the south, into a valley (Fig. 8-12F). Look for con- least somewhere close, allowing for errors. 
tour lines indicating this in the vicinity of the sight Water is useful for identifying a position. 
line drawn from the hill. You are on that line—or at Having got yourself almost certainly at a point ona 





Fig. 8-12. Finding your position may be by taking sights to cross within the area you expect to be, while noting slopes, streams, 
and other natural features to compare land and map. 
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south-facing slope, is there any water shown on the 
map that should be within sight or easy reach? 
Perhaps there is a blue line in the valley. Many 
valleys have a stream or creek through them. If 
yours does, that is your next mark. Now that you 
are expecting it, you may be able to sight water, 
typical waterside foliage, or trees in the direction 
you expect (Fig. 8-12G). If not, you can go into the 
valley and look for water. If conditions are very dry, 
there may not be any water, but you can see the 
stream bed. In either case, you have further confir- 
mation of where you are. 

Having got yourself located in a very small 
area, the next thing is to decide where to go. You 
may be finding your way out or you may be going on 
to the next campsite, but there is still a slight doubt 
in your mind that having got lost once, you may do it 
again. Look for something positive on the map, in 
the general direction you want to go. Even ifit takes 
you slightly off your route, getting to it will confirm 
that you know what you are doing. There could be a 
cliff, marked by contour lines running together. 
There may be something man-made like a quarry or 
a dirt road. A power line or a trail may be more use 
than one of the single points, as they could be 
missed, but you are almost certainly going to come 
to some part of a trail or power line. 

From your estimated position, set out for this 
marker (Fig. 8-12H). If you find it not too far from 
where you expect, up goes your confidence. If you 
do not strike it as you expect, go back to first 
principles again. Reorient your map with your com- 
pass. Look for something to get a sight on. Look for 
something else to give you a cross bearing. If that is 
not forthcoming, check on the lay of the land, maybe 
marked forestry, the possible nearness of water, 
and anything else marked in the vicinity on your 
map. By a process of elimination, you should be 
able to settle on a new position. With luck, it may 
not be far from the trail or other landmark and you 
can carry on to reach it. If not, look for another 
positive point that you can reach from your new 
estimated position. 


WITHOUT MAP OR COMPASS 
Suppose you have lost your map and compass in an 


130 


accident—your canoe capsized and they sank, or 
your horse bolted with them. There is no great 
difficulty in using the sun or stars to find north, but 
you will have to rely on what you remember of map 
details for topographic information. If you still have 
a watch, correctly timed, you can use it with the sun 
to find a north/south line. Even without a watch, 
you will have some idea of how far the day has 
passed. When the sun is at its highest, it is south. 
If you have anything to write on, it will be 
worthwhile making a sketch map of what you re- 
member from the lost map. You may be able to 
backtrack to your last known point, but things that 
were familiar when you travelled one way have a 
habit of looking very different the other way. How- 
ever, they will be taking you to country that ought 
to be familiar. You should be able to identify land- 
marks you used for taking bearings. Knowing north 
and south, you can estimate bearings again. 
Slopes are good guides. If you are on the side 
of a hill or mountain, there is not usually much 
reason for going higher, unless you are certain a 
place you know is on the other side. Trails and 
roads will usually be lower down and probably in the 
bottoms of valleys. If you have no good reason for 
doing otherwise, go downhill rather than up. Simi- 
larly, if you come to a creek, it is usually more 
useful to follow its flow than to to upstream. The 


Stream may run into a river. Even if you cannot 


remember the stream on your map, you will proba- 
bly remember the river and something about it that 
will help you find your way. 

Keep to open country if you can. If you become 
closed in by trees you may wonder erratically, but 
in the open there are things to see that will help you 
keep going in one direction. If you feel that you 
must go in one direction for a long way, it helps to 
get two things 'in transit' so you can use them, 
instead of the compass that has gone, to keep vou on 
course. Suppose there is a peak and a prominent 
tree that are in line with your route (Fig. 8-13A). 
Keep them like that as you progress and you know 
you are going straight. Even if they are not exactly 
in line with your course, keep them in the same 
relative position and they will serve your purpose. 
If you cannot find anything in transit far enough 





Fig. 8-13. An intermediate landmark can be used to help keep on course, then you change to another when you pass it. 


away, choose nearer markers, then when you have 
reached one, look for more to continue the same 
way (Fig. 8-13B). 

Even if you cannot remember enough to take 
you back to your starting point or on to your desti- 
nation, the way to help will almost certainly be 
downwards. If you follow a creek or a valley down- 
wards, it will probably broaden. If there is a track, 
trail, or road, leading to civilization, that is proba- 
bly where you will find it. 

Ofcourse, the moral is to make sure you do not 
lose your map and compass. Your compass should 
be on your person, preferably attached to a cord 
round your neck. If a companion has a second com- 
pass, at least one instrument should survive an 
accident. It is worthwhile having a duplicate map 
kept separately. With a map and a compass and 
enough knowledge to use them, you should never 
be really lost. You may not known where you аге at 
the time, but you have the means of putting things 


right. A brief period of not knowing where you are 
then becomes an interesting episode and not the 
disaster it might be. 

Sketch mapping is a useful and interesting sec- 
ondary activity when going into wild country. You 
can draw a map of your route, partly based on the 
original map and partly on the terrain as you find it. 
You can put in many things that were not originally 
mapped, but which you found useful marks, such as 
prominent trees, rock outcrops, falls in creeks, 
trails made by animals, marks left by other explor- 
ers, and anything that would be useful if you went 
that way again. 

This increases your powers of observation. If 
you ever reached the stage of being without your 
map and compass, your better observation may 
stand you in good stead, and if you still have a 
sketch map, that might take over as your naviga- 
tion aid. There is more about sketch mapping in 
Chapter 10. 
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Orienteering 





RIENTEERING IS AN ACTIVITY THAT COM- 

bines cross-country running or walking with 
the use of a map and compass. As a sport, it has 
reached international status, with local, national, 
and international competitions and championships. 
As arecreation, it provides a purpose for walking or 
running in interesting surroundings, with a chance 
to exercise your skills in finding your way. There is 
something in orienteering for everyone, from a be- 
ginner to the enthusiast aiming at championship 
results. There is no age limit. Children can tackle 
simple courses, while older people, not concerned 
with speed, can tackle more advanced courses at 
their own pace. 

An orienteering course is arranged to take 
participants between marked positions where they 
have to report. The area selected may be natural 
woodland or partly open country with hazards. It is 
unusual to include built-up areas or roads, except 
where they cannot be separated from a mainly 
natural setting. Competitors use marked maps, but 
they choose their own routes with the aid of their 
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compass and the way they interpret the map. Starts 
are staggered, so each person is on his own and has 
to find his own way. 

Orienteering had its origins in Sweden and 
other Scandinavian countries, where there are 
large tracts of forested country, with little evidence 
of man's involvement. Major Ernst Killander first 
organized the sport in Sweden, as a form of cross- 
country racing in which the competitor had to pick 
his own route from a map. In 1946, it was given the 
name ‘orienteering’ by Bjorn Kjellstróm 

The invention of the Silva protractor-type com- 
pass made map reading in orienteering conditions 
more practicable. It is that compass, or similar 
compasses by other makers, that is used univer- 
sally in orienteering events. More suitable large- 
scale maps have become available, and they have 
helped make the sport more accurate and with a 
reduced reliance on luck. Orienteering depends 
now almost completely on physical fitness and skill 
in interpreting map and compass. 

There is an International Orienteering Feder- 


ation (I. O.F.) with a membership of upwards of 20 
countries, including the United States Orienteering 
Federation and the Canadian Orienteering Federa- 
tion. There is now considerable standardization of 
details and procedures, but obviously, local condi- 
tions must have some effect on the arrangement of 
orienteering events. The information contained in 
this chapter is based on common practices, but the 
reader may find some variations at local level. 
There is, however, agreement on the general fac- 
tors involved. Much of the lead and some of the 
equipment still comes from Sweden. 


EQUIPMENT 


A participant in orienteering can expect to be run- 
ning over natural country and to have to contend 
with all that involves, such as trees, undergrowth, 
varied vegetation, and uneven ground, possibly to 
the extent of having to scramble on hands and knees 
in some places. With almost anything that nature 
can offer (including streams to cross), clothing 
should allow freedom of movement, but also pro- 
vide protection. For most conditions, bare legs and 
arms are discouraged and usually inadvisable. 
Footwear should suit running over uneven ground. 
Specialist suppliers provide shoes designed for the 
sport, with soles intended to grip any surface. 
For beginners, there may be someone at a 
control point to help and advise as well as record the 


participant’s visit there. For most events the con- 
trol point is a three-sided fabric marker, divided 
diagonally in red and white (Fig. 9-1A), hung or 
supported where it can be seen. Also with it is a pin 
punch (Fig. 9-1B), that will pierce a card with a 
pattern of holes special to that position. Each per- 
son arriving at the control point carries a card and 
punches it in the appropriate position to prove he 
has been there. The card could be hand drawn for 
the event or in printed form (Fig. 9-1C). Visits to 
control points should be in numerical order. 

Besides his map, a participant carries a list of 
control points with their sequence, a brief descrip- 
tion, and a location (Fig. 9-1D). This may be carried 
in a special transparent map case or a plastic bag. 
Some protection is needed if the paperwork is to 
survive the rough conditions encountered. 

For use in emergency each competitor is ex- 
pected to carry a whistle. Special plastic types are 
available, although obviously any whistle could be 
used. The whistle, compass, and map case may all 
be on cords around the neck, but there are occa- 
sions when any one of them is better in your hand. 
Participation in a few orienteering events will show 
you, from your own experience and from observa- 
tion of others, how best to handle equipment. 


COMPASS 
Although it would be possible to use any compass 





Fig. 9-1. An orienteering control is a red and white marker (A). A special punch (B) is used to mark a card (C). A competitor 
carries a list of controls (D). 
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for orienteering, the type used by almost everyone 
is the protractor compass pioneered by Silva, with 
features of special use to orienteers (Fig. 9-2). The 
parallel lines in the base of the circular part turn 
with it, helping to line up the needle even when you 
are not looking directly over it. You can see if the 
needle and lines are parallel, even when running or 
holding the compass to one side. Similarly, the 
central line on the rectangular part has an arrow 
head pointing direction, but other lines parallel to it 
also provide guidance. The graduations on the 
rotating rim are on a transparent background, so a 
matching line to the central base line can be seen 
and very accurately set to read the degrees above 
it. Graduations are every 2°. 

Some map details may be quite small and fine, 
so a magnifying lense is usually included in the 
compass base, usually circular and not very big. 
This should be adequate for reading details, but 
some compasses are available with a larger lens. 
Graduations in inches and millimeters on the edge 
of the base mean you need not carry a scale—at 
least for shorter map distances. It is useful to have 
luminous paint on the north end of the needle, the 
north marking on the rim, and the arrow end of the 


bearing line on the base, for use at night. 

That type of compass should take care of all 
orienteering needs, but manufacturers have pro- 
duced variations: a round compass in a case with 
straps that allow it to be fastened over the hand, and 
a circular compass with a transparent base and a 
strap to go over the left thumb. This allows the map 
to be held with the left hand while the compass is 
resting on the map surface, so you can set the map 
to the compass in one action. 


MAPS 


Much early orienteering was accomplished with 
existing maps of the largest scale available. Addi- 
tional information was added by hand, including 
control points and features not already printed. 
This is still done, but many maps produced for 
general purposes do not carry (anywhere near) 
enough detail for orienteering. There are charac- 
teristics and features important in orienteering 
competitions that would not be of much interest to 
other users. A suitable general map can be used as a 
base, but considerable additional information has to 
be provided. If copies have to be reproduced, they 
will be in black and white, but experience has 





Fig. 9-2. A compass held in front of you can be pointed towards an object and set to read its bearing. : 


134 


shown that color can be of the greatest value to 
anyone referring to a map while travelling on foot in 
a hurry through the sort of country chosen for 
orienteering competitions. 

Where maps of sufficient orienteering value 
are already available they can be adapted, and this 
may be conveniently done for simple beginners’ 
competitions. For more advanced events, it is be- 
coming increasingly the practice to produce special 
maps, even to the extent of making special surveys, 
so the map starts from first principles and is not 
affected by details on existing maps which may no 
longer be correct. This has resulted in maps of 
areas regularly used for orienteering, which are of 
ample scale and contain information on features 
denoted by symbols peculiar to the sport, as well as 
a plentiful use of color. 


SCALES 


There is an advantage in having a map to as large a 
scale as possible. Details on it are not crowded and 
can be easily read, with little risk of confusing or 
misinterpreting them. A large scale means that all 
that is shown is larger, so the size of paper needed 
has to be considered. The sheet has to be easy to 
handle and not have to be folded too many times. 
For the amount of land to be illustrated to cover 
many orienteering courses, a scale of 1:15,000 is 
favored (about 4 inches to 1 mile). About 6 miles in 
each direction can go on a sheet that is easily han- 
dled when folded into four parts. 

Other scales could be used, but 1:15,000 is 
finding general acceptance. For a map prepared for 
orienteering, a 5-meter (about 16 feet) elevation 
interval is the standard, according to the Interna- 
tional Orienteering Federation. This suits most 
terrain. In mountainous areas it may be sufficient to 
use 10-meter intervals, while an area with little 
difference in height could have 2-meter or 2.5- 
meter intervals. Elevation differences should be 
the same all over a map, but auxiliary contours (form 
lines) could be put in if needed. This should be made 
clear in the legend. 

An orienteer is using a compass that points to 
magnetic north (as they all do) and is concerned 
with a fairly small area. There is no need for him to 


adjust to true north. Special orienteering maps are 
made so they have their tops at magnetic north, 
instead of true north, and any bearings made on 
them are read as magnetic, without any further 
action. If the map is set with the compass over a 
side margin, the needle and border matching will be 
correct. If an orienteering map is ever related to a 
general map, this should be remembered—the 
orienteering map north/south and east/west lines 
will be angled to those of the other map by the 
amount shown as the difference between the true 
and magnetic arrows. 


SYMBOLS 


An orienteering map usually covers an area with 
very few manmade features. A large number of the 
conventional signs and symbols used on most gen- 
eral maps are for those things. The number of gen- 
eral symbols for natural features are comparitively 
few. The orienteer may use the symbols normally 
accepted where the objects occur, but for most of 
his needs he requires symbols for things not usually 
illustrated. He wants guidance on the destiny of 
scrub, whether there are crags or boulders, where 
the limits of vegetation are, and if he can get across 
a stream. He only needs to know about paved roads 
and power lines as possible landmarks. 

At the large scale of an orienteering map these 
things can have their own symbols. If color is used, 
it is easy to distinguish one from the other. Where 
the map is black and white there may have to be a 
more limited range of symbols. Although orien- 
teering map symbols are becoming standardized, 
there is still a possibility of differences, so it is 
usual to provide a legend with individual maps. 

How well colors can be used on a map depends 
on their number. If there are only one or two in 
addition to black and white, the arrangement of 
symbols may have to be modified, but the meanings 
should be made clear by the legend. 

Where there is a full range of colors available, 
there are standard International Orienteering Fed- 
eration symbols. The orienteer planning his route 
is most interested in the terrain in relation to his 
progress, whether he can walk, run, or perhaps 
fight his way through. Overall colors are used to 
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BLACK RED/BROWN 


road contour lines 


auxiliary contour (form line) 


forest dirt road slope line (on down side) 


. steep slope, cutting 
smaller dirt road | 


path or trail earth bank, embankment 
railroad depression 


power line pit, platform 


fence, gate E 
Sa us lake 
building, ruin | 


pond, water hole 
cairn, trig. point 


river (uncrossable) 
impassable cliff 
rocky pit, boulder 


< ditch 
4 ^ boulder field 


OTHER COLORS - narrow marsh 


open land marsh, (uncrossable) 


semi-open land marsh 


vegetation, slow run > marshy forest 


water tank 
vegetation, walk Water ten 


vegetation, fight well 





Fig. 9-3. Special map symbols are used to suit orienteers' needs. 
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show the condition of the ground and how other 
conditions may be for the competitor. There may 
also be a need to show any private land that should 
not be entered. 

Symbols for water are blue, as on other maps, 
but more information is given. The competitor can 
judge how best to deal with water courses if they 
come in his path. Roads, trails, and some other 
things will be recognized by anyone familiar with 
symbols on other maps, but many natural features 
that concern the orienteer are drawn in the same 
brown or red/brown as contours. 

Recommended LO.F. symbols are shown 
(Fig. 9-3), but they may be different if fewer colors 
are available. 


SETTING A MAP 


Setting a map with a compass has already been 
described, but in orienteering it is made simpler 
because all directions are related to magnetic 
north. Suppose you have a line between two control 
points. Put the long edge of the base on the line 
(Fig. 9-4A). Keep the base in place, but turn the 
compass housing round until the red lines in its base 
are north and south in relation to lines on the map 
(Fig. 9-4B). In both actions, see that you are work- 
ing the right way —the basic direction arrow point- 
ing the way you will go and the norths of compass 
and map coinciding. Either could be inadvertently 
180? out! 

If you want to set the map the same way as the 
terrain, turn map and compass so the needle settles 
pointing at north on the rim (Fig. 9-4C). If you are 
only concerned with setting the map, and not with a 
route line as well, have the compass set with the 
north point on the rim over the sight line. Put this 
over a north/south line on the map and turn map and 
compass until the needle lines up (Fig. 9-4D). This 
may be necessary if, for general positioning, you 
want to be able to locate landmarks on the ground 
with their symbols on the map. If all you want to do 
is go quickly on your way to the next control point, 
remove the compass from the map (at position Fig. 
9-4B) and hold it in your hand. Move around until 
the needle settles pointing at north on the rim (Fig. 
9-4E). If you look along the sighting line, you are 


facing in the direction of the next control point, so 
that is the way you go. 

An advantage of setting in this way is that at no 
point do you have to bother with bearings in de- 
grees. By three steps you have found the way to go. 
When you are hurrying from point to point, that is 
all the immediate information you need. It helps, 
however, to keep your map set reasonably accu- 
rately to the land. Keep in touch with landmarks and 
the terrain, particularly contour lines that will indi- 
cate if you should be going up or down, or if you are 
coming to a rise or hollow that it would be better to 
go around. It takes practice to run with a map in 
your hand and set it so a glance relates the map to 
what is around you. Some runners find it confusing 
to read the map when the route to follow puts 
markings on the map upside-down. There is a ten- 
dency to expect to look at a map with the north 
always towards the top, but if you are going from 
somewhere northerly to somewhere southerly, 
look at the line on the map that way, otherwise you 
may confuse turning left and right. 


DISTANCES 


To get from one control point to another, you need 
to have some idea of distance as well as direction. 
You may have a good sense of distance and can 
estimate how far you travel, but it is safer to pace 
the distance. Orienteers are counting paces most of 
the time they are competing. When you are run- 
ning, it is simpler to count double paces— count for 
one foot only: every time your left foot goes down, 
count one more. As we all have different strides, we 
have to do our own preliminary measuring. Orien- 
teering distances are usually metric. By the most 
accurate means you have, mark out a distance of 100 
meters on a flat surface. Run between the points 
several times at the speed you anticipate using in 
competition. Count your double paces each time 
and average them. They will probably be between 
35 and 45. 

Remember how many of your double paces 
equal 100 meters. Some compasses have an indi- 
cator you can set to remind you. Alternatively, tape 
a note of the number on the compass or something 
else that you always take with you. From your 100 
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TO CONTROL 
p ud 4 


Fig. 9-4. The compass is set from the map in stages to obtain the heading on a leg of the course. 


meters base, you can quickly convert to other dis- 
tances. 

Many of the techniques described for general 
map use have applications in orienteering. If there 
is high ground between the point you are leaving 
and the one you are aiming at, a straight line route 
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might be difficult or impossible. Although that ap- 
pears to be the short way, it may be quicker to go 
around (Fig. 9-5A). You may be able to go round on 
a contour level, or there may be a trail or some 
other feature you can follow. 

If an orienteer makes use of a marked feature 


as a guide, he talks of using it as a handrail. The 
safest way to get to your destination without getting 
lost may be to make for a fence or stream that you 
can follow, until your pacing shows that you should 
turn away from it (Fig. 9-5B). 

Another technique is to aim off to one side of 
your destination. If you aim directly at a control 
point on a trail or beside a stream, and arrive at the 
trail or stream without seeing it, you may not know 
which way to go and may waste time going the 
wrong way first. It is better to aim to one side, then 
follow along until you find the control point (Fig. 
9-5C). 

The surest way to get to a control point may 
not be in a straight line. There may be a positive 
landmark nearer your destination and not far off a 
direct route, such as a fork in a trail. If you can get 
there easily, you can then take a bearing from that 
place. There is little risk of error in the shorter 
distance (Fig. 9-5D). 


EVENTS 


Orienteering events are laid out by experienced 
orienteers. Usually there are alternative courses 


arranged, depending on ability and the distance you 
are prepared to go. These may be color coded or 
separated in some other way. How the courses are 
laid out depends on the terrain. It is convenient if 
the finish can be close to the start, then clothing and 
vehicles do not have to be moved. The course takes 
you around points that offer varied conditions, but 
follows a generally circular direction, and that has 
attractions. 

A master map will be available at the start, 
from which you extract the information you need 
and transfer it to your own map. Alternatively, 
there may be premarked maps available. You will 
also collect or copy a list of control points. Obvi- 
ously, this first collection of information is very 
important and your only guide to where to go once 
you have left the start. Draw a circle around each 
control point on the map and draw lines between 
circles. 

The start is from a taped area and you will be 
timed from your starting whistle, with competitors 
spaced at regular time intervals. The last control 
point is usually not very far from the finishing point, 
and you will be guided there by tapes. Your time is 





Fig. 9-5. Skill comes in selecting a direction that avoids or uses features marked to permit the best speed between controls. 
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taken as you cross the line. At every control point 
you must punch your card. It is your total time that 
counts. If you miss any controls, there are penalties 
or diqualification. A maximum time is usually al- 
lowed and you lose points if you take longer. 


TYPICAL EVENT 


When a competitor arrives to take part in an event, 
he will see a master map, from which he will have to 
transfer details to his own map or he may be givena 
pre-marked map. A map ofan imaginary event (Fig. 
9-6) lacks color, which would clarify the general 
picture, but the start (triangle symbol) and finish 
are seen to be close together and not far from a 
surfaced road, which will provide access. 

The first thing to do is get a general picture in 
your mind of the layout of the area, without bother- 
ing very much about how the control points are laid 
out. The highest part is amid the fairly close vege- 
tation, probably including trees, between points 1 
and 2. The only part with closer vegetation is on the 
downward slope north of this. Man-made features 
in the area are an unpaved forest road around the 
higher ground and a trail leading north from it. The 
only water is a stream which passes near two con- 
trol points, but does not appear to be big enough to 
cause difficulty. 

From the contour lines, you expect that you 
can see the higher rise ahead of you at the start 
without difficulty. Slightly west of north from your 
starting viewpoint you ought to be able to see the 
denser vegetation around point 5. Much depends on 
if there are trees and how sharply defined are the 
edges of the close vegetation. It is unlikely that the 
stream will be visible, but there may be signs of 
trees and other vegetation that favor water. 

This broad visualizing of the whole area in- 
volved in the event lets you orient yourself. If 
anything goes wrong, you have a much better 
chance of knowing where you are than if you merely 
concentrated on point-to-point details. 

Next you have to decide on how you will tackle 
each leg of the event. It is your skill in reading all 
that the map has to tell you that decides how well 
you perform in the navigation part of the event—the 
rest is physical. Only you can decide which way you 
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will go. Sometimes there are two or three alterna- 
tives. You have to weigh up the advantages and 
disadvantages. Usually, it is a case of easier travel 
and a longer route, or a direct route and harder 
going. Of course, the map does not tell you every- 
thing. When you see the relative density of trees or 
vegetation you may change your mind. 

On the event map (Fig. 9-6), from the start to 
control point 1 is straightforward. You have to de- 
termine your course and keep on it for the neces- 
sary distance. When you make the sight for your 
first bearing, look for a tree or other mark in the 
right direction and as far on your way as possible, 
then make for it. By then the vegetation will have 
got denser and you may not be able to use marks 
very far ahead. You will have to rely on the com- 
pass. At control point, 1 punch your card. 

The next leg is the one that may cause you 
most thought. The straight line goes over a hill that 
has a surveying trig point on it. The way is tempting 
because the trig point gives you a definite check 
that you are keeping on course. How steep, how- 
ever, are the slopes? A section on the line provides 
a picture of what may be involved (Fig. 9-7A). The 
height scale is exaggerated, but the slopes may be 
enough to make progress slow. Much depends on 
the vegetation, but the map classes it as a slow run. 

You could leave point 1 on a direct course until 
you reach the forest road. If you then decide the 
straight route would be hard going, you can follow 
the road round, with not much slope and probably a 
good running surface. You will have to estimate 
where to leave the road for point 2, but the trail 
forking will show you when you are about halfway 
(Fig. 9-7B). If you decide at point 1 that you will use 
the road, it may be quicker to set a course for the 
curve of the road (Fig. 9-7C). You could leave the 
road diagonally towards point 2, but that would put 
you on a slower surface. It will probably be quicker 
to stay on the road until you are nearer point 2. 

From point 2 to point 3 is moderately downhill, 
although you have to go through dense vegetation if 
you keep to a straight line. The fight through it is 
not far. If you decide to try to keep to a straight line, 
there is a risk of missing point 3 if there is an error, 
and you could waste a lot of time looking for it. This 


is a place where it would be better to aim to one 
side, to the nearer angled part of the trail, then 
when you hit the trail, you know you have to go 
northwards along it to the point (Fig. 9-7D). 

The path is tempting. Suppose you ignore the 
straight line — would it be better to skirt around the 
denser vegetation and go west until you meet the 
trail? That might be faster, as the trail should give 
you a good running surface. You have to judge if it 
would be more successful going fairly straight or 
making this detour. 

From control point 3 to control point 4 is 
straightforward and not very long. There are no 
alternatives to a straight line, unless you decide to 
use the trail part of the way, for the sake of speed, 
then branch off. 

Control points 4 and 5 are at about the same 
elevation, and there is a rise between them. The 
rise is not much, but a straight line takes you over 
it. Most of the way is vegetation classed as a slow 
run. It could be that going straight is reasonable, 
but you might consider contouring. If you can keep 
at the same level on a curved course, you will go 
further, but for a much greater part of the distance 
you will be on ground that allows a faster run (Fig. 
9-7E). Accuracy depends mainly on maintaining the 
same level, as you cannot use the compass on a 
curved route. The alternative, if you want to use 
compass bearings, is to plan the route as a series of 
straight lines, with bearing distances scaled and 
noted. 

From control point 5 to control point 6 is 
straightforward and a matter of keeping on course. 
You have a catching feature in the stream (Fig. 
9-7F). If you reach the stream, you know you have 
gone slightly too far and will have to backtrack to 
look for the marker. 

From control point 6 to control point 7 you can 
make use of the stream. You cannot tell from the 
map how easy it will be to follow the stream closely, 
but you can almost certainly keep it in view. You 
will have to find a suitable place to cross it. On the 
map, a straight line crosses about midway between 
the points. Be aware of the direction according to 
your compass, but careful use of the stream should 
get you there. 


From control point 7 to control point 8, there is 
a rise on a straight course. It may not be enough to 
matter, but conditions are not always as smooth as 
contour lines signify. If you decide to get around at 
about the same elevation, you could follow a curved 
course. This may be a suitable place to do it in just 
two straight legs (Fig. 9-7G). Plot a course and 
distance that takes you out to a point you estimate 
to be suitable, then alter course for the marker. In 
addition to keeping to your course, this also needs 
careful pacing of distances. 

From control point 8, it is a simple and short 
course to point 9. As you go slightly downhill you 
will probably see the paved road or its fences. If this 
is an event large enough for tents and many vehi- 
cles, you will probably also see them at the finish. 
These are guides. You still have to find point 9 and 
punch your card, so still work on course and dis- 
tance. 

At point 9 there may be tapes or other guides 
to the finish. If not, you will have to set course and 
travel on it until you come to the lead-in to the finish 
line. Remember, you have not finished until you 
cross the line, so keep up your pace until then and 
record the best time you can make. 

After an event, it is useful to compare notes 
with other participants. Besides laughing over er- 
rors and hazards, compare navigational differences. 
Apart from physical fitness, it is skill in navigation 
which is important. Did someone who put up a 
better time go a different way between points? If 
you had to search for a marker, why did someone 
else find it immediately? Compare the way you 
marked your maps. Has someone a better way than 
you of reading courses? This may be a time to check 
your paces. In event conditions you may not use the 
same number of paces over a set distance as you did 
in your trial runs. 

Orienteering uses mapping methods in a more 
compressed form than most other map usages. 
Reading a map with more detail of a small area is 
good training for using maps of larger tracts or for 
cross-country travel. 


OTHER EVENTS 
Most orienteering events are as just described, but 
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there are variations, which may be used over the 
same course on the day or on special occasions. 

In a relay event teams of three take part. The 
first runners make a mass start and obviously aim to 
get around the course as quickly as possible. Start 
and finish are at the same place, so the first member 
of each team returns and touches off the second, 
who does the same, ending eventually with number 
3. This is the only form of orienteering that spec- 
tators can understand without the need for time 
references. Not all terrains are suitable, particu- 
larly if numbers are large, but to avoid crowding it is 
possible to arrange the course so runners have 
different routes— what the first man in one team 
does, may have to be done by the third man in 
another team. 

In a score event, a large number of control 
points are arranged and given values according to 
their distance away from the start/finish or diffi- 
culty of access. The object is to visit the largest 
number of points in a set time and amass the 
maximum number of points. Getting between the 
points is up to the competitor, in any sequence he 
wishes, but timing and routes have to be arranged 
to allow for returning on time. 

Night orienteering may not be suitable for be- 
ginners, but anyone with a little experience will find 
it fascinating. Courses are normally short and in 
reasonably open country. An event could be in a city 
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park that would not be considered for a day event. 
Arrangements are the same as for a cross-country 
day event, but competitors use flashlights or head- 
lights for map and compass reading, as well as for 
finding their way and identifying control points. 

A map memory event is good training. Com- 
petitors are shown a map of one leg of the course, 
which they have to memorize and act on. At the next 
control point they can see another map to the next 
point, but cannot take the map with them. Being 
able to memorize map details makes for speed over 
a course. Stops for map reading are less frequent in 
a normal event. 

For beginners, practice can be given in fol- 
lowing a course by having a line event. The course 
on the ground is a straight line and there are mar- 
kers at intervals. How far apart depends on condi- 
tions, but they should not be visible from very far 
ahead. Participants punch their cards or note some 
feature, such as a combination of letters, at each 
marker. 

Although orienteering is particularly suitable 
for participants on foot, it can be adapted to some 
other means of progress. In some places it would be 
possible to arrange an event for horse riders. In 
areas where snow settles enough for skiing, orien- 
teering is possible, providing an interesting objec- 
tive for skiers. This is popular in the Scandinavian 
countries that gave birth to orienteering. 
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Mapmaking 





S OMEONE STOPS AND ASKS YOU THE WAY TO A 
place across town that you know well. While 
giving them directions, you doodle a sketch map on 
the back of an envelope. It may not be a very 
advanced example of cartography, but neverthe- 
less, you have made a map. Such a map may have no 
scale and no indication of north, but it shows where 
the turns are, maybe some key landmarks, and a 
dotted line or arrows showing the best route (Fig. 
10-1A). When it has served its purpose, the paper 
will be thrown away. 

Suppose someone intends to visit you, and 
they have asked you to send them a diagram of how 
to find your house. On this occasion, you have more 
time to prepare a map, but there is still no need for 
anything elaborate or absolutely correct in propor- 
tions or scale, providing your drawing gets your 
visitor from where he comes into the town to your 
home. It can all be done freehand, but names, par- 
ticularly if they are unusual, should be printed 
rather than written, so there can be no confusion. 
You may be able to read your writing, but the 


person at the other end may have difficulty in de- 
ciphering it. Make his task easier by printing 
words. 

Take the route from the last point that the 
visitor can reach without your aid—probably where 
he enters the town. Draw the streets he needs, but 
don’t draw streets far off the route, unless there are 
some where he may go wrong and have to get back 
to the route. Give all the important street names, 
then think of the more prominent buildings that may 
guide him. A note of traffic lights will help. You may 
draw the streets wide enough to put the names 
inside (Fig. 10-1B), or make the lines closer and put 
the names outside (Fig. 10-1C). If it has to be a 
fairly elaborate map, it is neater and clearer to draw 
the roads narrow and put the road names alongside. 

Make the start and finish obvious, probably by 
saying where the starting road comes from, then 
indicate your home prominently. It is often difficult 
to get all the information you want to provide on the 
part of the map concerned. Print details away from 
the part of the map and take an arrow in (Fig. 
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Fig. 10-1. A sketch map should contain all the elements of standard mapping practice. 


10-1D). This is much clearer and gives you more 
scope than if you try to squeeze words at the actual 
position. This particularly applies to buildings you 
are using as landmarks. Unless the route is obvi- 
ous, put arrows to show direction, either alongside 
the roads or between the lines (Fig. 10-1E). 
Although the sketch is freehand, try to keep 
proportions reasonably correct. If you shorten the 
distance between turnings after keeping to a rather 
larger scale further back, your visitor may over- 
shoot. When you have sketched the whole map, 
think of it in relation to actual distances. You might 
just put a dimension line between start and finish, 
indicating the approximate distance involved (Fig. 
10-1F), or it may be better to provide a simple 
scale, possibly just indicating 1 mile (Fig. 10-1G). 
There may be little need for an indication of north, 
but it is advisable to get into the habit of providing a 
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north arrow on every map you make. Estimate its 
direction and put one in (Fig. 10-1H). 

If you have a printed map of the area, use that 
as a guide. It may be a smaller scale than you have to 
sketch and not have enough detail, but it helps you 
to get the features in correct proportions and direc- 
tions fairly accurate. It is very easy when sketching 
streets across a large distance of town to find that 
the direction of some of them can finish up perhaps 
90° out of relation to other streets drawn earlier, if 
you are not careful or have nothing to guide you. It 
may be an interesting exercise to go out into some 
of your familiar streets with a compass and check 
their directions. 


DETAIL SKETCH MAPS 
Suppose you need to tell someone how to get from 


an address in one town to an address in another 
town 10 miles away. Youneed afairly large scale for 
the details at each end of the journey, but the part 
between is on one highway with no complications 
and could be drawn to a smaller scale. Actually, 
there may be no need of a map between the towns, 
providing there is no doubt about how to get on and 
leave the highway. 

Such a map may be sketched to a sufficiently 
large scale for the first town (Fig. 10-2A), as far as 
access to the highway to the other town. You can 
put a note about distance between and draw the map 
of the second town to the same scale as the first 
(Fig. 10-2B). Make sure the user will have no doubt 
about where he gets on to the part of the highway 
not drawn and where he has to leave it. In this sort 
of mapping, you can use the names of filling sta- 
tions, shops, churches, and even billboards, if they 
are likely to be seen ahead by the map user. If he 
will be arriving after dark, think of illuminated signs 
that might help to tell the motorist that he is going 
the right way or where he has to turn. Information of 
that sort is always best printed away from the place 
concerned and led to it with an arrow. Do not put 
your notes so far away that the map reader may not 
notice them. 

Provide an approximate scale. That obviously 
applies to the town details only. The distance be- 
tween towns is taken care of by the note in the gap 
in the drawn highway. Add a north arrow. If you are 
a sufficiently good artist, you might use a simple 
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sketch of a building ог other mark your reader could 
use as a guide. All that is needed is the outline he 
will see in the distance. 

The sketch map may be made with a ball point 
pen or pencil, but it helps to use some color. Ar- 
rows showing the route drawn ina second color will 
not be confused with map details. Pencil shading on 
a тар may show parts that are built over. Do not get 
carried away with the artistic possibilities of your 
mapmaking. Remember, the object of the sketch 
map is to show someone how to get from one place 
to another. Additional information and elaborate 
coloring of inessential details may only confuse. 

Sketch maps may be needed for other purposes 
besides giving route instructions. Information may 
be needed on a plot of land that would not justify a 
proper measured survey. You may have to make the 
map from memory, but trying to visualize a piece of 
land that you think you know well can sometimes 
lead to errors. If at all possible, stand and view the 
land, then walk around it if you need more details. 
As with street maps, it is very easy to get relative 
directions some way out, so start with a few lightly 
drawn key lines, in what appear to be the right 
directions and proportions (Fig. 10-3A). You can 
then put in details over them and know that the 
general arrangement is right (Fig. 10-3B). 

There is a temptation to work on details, 
maybe in one corner (Fig. 10-3C), then go off from 
that with another detail and find that you have wan- 
dered in wrong relative directions when you get to 





Fig. 10-2. A sketch map of distant places need only have details at the ends. 
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Fig. 10-3. Asketch map of a small area should be as accurate as possible (A, B, C, D) and may include an access map (E). 


the other side, which will finish out of proportion. 
This is where the key lines are important. Certainly 
put in as much detail as you can after the main 
framework has been established. If it is to quite a 
large scale and you put in individual trees and other 
items that would not be on most maps, you may 
have to add your own legend showing what symbols 
mean (Fig. 10-3D). Although it is freehand and 
approximate, add a scale and a north arrow. There 
should be a title, so anyone using your sketch map 
will have no doubt about the land it represents. 
Suppose what you have drawn isa piece of land 
that others will want to visit. It would help if you can 
also provide a map showing access. That could be to 
quite a small scale if access is simple, although it 
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would be better to a more accommodating scale if 
you need to show details of a more involved route. 
A simple map might be tucked into a corner of the 
large-scale map or drawn elsewhere on the same 
sheet (Fig. 10-3E). 


ESTIMATING AIDS 


Those who are not regularly concerned with mea- 
surements may have difficulty in getting propor- 
tions right on a freehand map. Of course, а rule can 
be used, but a quickly drawn map, when the need 
arises, 15 better done without mechanical aids. The 
ability to produce sketch maps in reasonable pro- 
portions is a worthwhile accomplishment. One aid 
to proportions is paper already marked with a pat- 


tern of squares. This is often used for making 
graphs and scientific drawings. It does not matter 
much what the sizes of squares are. Usually every 
tenth line is darker, so you may have a pattern of 1 
millimeter squares and a darker one every 1 cen- 
timeter. Usually the printer is in a light neutral 
shade, so ink or pencil will show over it. 

For a map drawn on graph paper, you can 


decide that a certain number of large squares repre- 
sent a mile, then you get your map details in pro- 
portion to that. The squares also help you to keep 
north/south and east/west properly related. If you 
have difficulty in drawing straight freehand lines, 
the background lines will help you. A pad of squared 
paper on a stiff card backing is useful for field work. 
If you need to discover moderate distances, 





Fig. 10-4. A pencil may be used for sighting widths and heights. 
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you can pace them. It is worthwhile knowing what 
your average pace is. Walk a measured distance and 
count your paces. À proportion calculation may then 
give you a pace taken to many places of decimals, 
but convert that to the nearest round figure. Be- 
sides individual pace lengths, note how far you go in 
100 paces or any other convenient figure. You may 
find it is useful to know how many paces you make 
to cover a distance that could be the basis for your 
mapping. For instance, 41 of your paces may cover 
100. That is a more useful piece of information than 
knowing that one pace is 29 inches. 

There are a few artists' ideas that can help 
when making a sketch map. If you hold a pencil at 
arm's length, with its blunt end projecting about 
square to your view, you can compare lengths that 
come across your line of sight. For instance, you 
want to know how much longer one length of fence 
is than another (Fig. 10-4A). If you extend enough 
pencil to cover the short fence as you sight with one 
eye, you can swing across and see how many times 
the pencil goes into the view of the other fence. Of 

. course, you must keep your arm extended the same 
amount and sight with only one eye. If you need to 
know a more exact length, you can pace across 100 
feet, or whatever seems a reasonable amount, then 
mark it with posts. You can now sight how many 
times that goes into the total length (Fig. 10-4B). 

If you need to make a fairly close estimate of 
the height of a building, you can adapt the pencil 
sighting method. Have an assistant move outwards 
from the building, square to your line of sight. Use 
the pencil to cover the building (Fig. 10-4C), then 
turn it horizontal. With your thumb at the foot of the 
building, get your assistant to move until you sight 
him at the end of the pencil (Fig. 10-4D). If you 
measure by pacing or other means from the building 
to where he is standing, that will be the same as the 
height of the building (Fig. 10-4E). If you cannot 
measure from vertically under the top you sighted, 
make allowance for how far out you had to start 
measuring on the ground. 

Suppose you need to obtain the width across a 
river, a small canyon, or anything that cannot be 
placed directly. There is a simple geometric way of 
tackling this. Find something, such as a tree, that 
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will serve as a landmark on the opposite side. Find a 
position where you can look squarely across at it 
and put a pole there (Fig. 10-5A). Walk squarely 
from this a certain number of paces and place 
another pole, then walk the same amount in the 
same direction again (Fig. 10-5B). If the total dis- 
tance is about the same as your estimate of the 
width you want to measure, that is about right. The 
exact number of paces each time is not important, 
so long as they are the same. 

Turn squarely away from the river and walk 
until you can sight the intermediate pole with the 
tree. The distance you have walked is then the 
same as the distance from your first pole to the tree, 
assuming you walked straight and squarely (Fig. 
10-5C). Obviously, there is a margin of error, but 
you can obtain quite a close estimate. Deduct the 
distances of the tree and pole from the river edge to 
get the river width. 

If there is not much space to do this on the river 
bank, you can get a similar result by using propor- 
tional triangles instead of two of the same size. If 
you walked along the bank 20 paces to the inter- 
mediate pole and only 10 paces after that, when you 
walk from the bank and sight the intermediate pole, 
the distance will be half the width of the river (Fig. 
10-5D). Other proportions could be used, but do not 
make the second triangle too small, as possible 
errors are magnified if this gets relatively much 
smaller. 


LINE SURVEY 


Suppose you want to make a map of reasonable 
accuracy of a path or trail. A freehand sketch may 
serve as a guide, but you would like to know the 
directions the winding path takes and the lengths of 
its parts, as well as the overall length. This could be 
part ofthe preparation of some new development or 
just to obtain sizes for paving materials or the 
lengths of fencing required. 

Measuring may be sufficiently accurate by 
pacing, or you may actually go along the path with a 
tape measure. Even if you do not have a long 
marked tape measure it may be possible to measure 
a length of rope accurately and use that in stages 
along the path. If the rope is longer than the dis- 





Fig. 10-5. A distance that cannot be paced may be mesured by using similar triangles. 


tance you want, it can be knotted, with the correct 
distance between knots, leaving some ends for 
handling. 

Bearings along the path may be taken with a 
proper sighting compass. You can get quite good 
results with the type having a rectangular base by 
sighting along an edge or across the central line. 
Have an assistant with a few straight poles. You 
could map as you go, but it may be better to use a 
notebook to list bearings and distances, then plot 
the whole thing later. А 

Place а stone ог pole at ће start. Get your 
assistant to hold a pole upright at the end of the first 
straight part of the path. Sight it and read its bear- 
ing. Pace or measure the distance to the pole and 
enter the details in your notebook (Fig. 10-6A). Go 
to that pole position and mark it with a stone. Stand 
over the stone and sight the pole held at the end of 
the next straight stretch (Fig. 10-6B). Note this 
bearing and distance. Continue in this way until you 
have covered the length of the path. 


Plot your results to scale (Fig. 10-6C). You 
now have a map of straight lines between sighting 
points. Measure the width of the path at several 
places. The poles are probably located towards the 
outsides of bends. Allow for that and mark in the 
path widths at several points. There may have been 
parts of the path that were sufficiently straight for 
sighting, but actually had curves between points. 
The curves must be put in freehand, but you can 
complete the map of the path outline with a fair 
degree of accuracy (Fig. 10-6D). 

You can provide a scale to this with a much 
greater degree of accuracy than with a freehand 
sketch map. It is a working map, intended to have a 
greater degree of permanence than a sketch map, so 
provide it with a north arrow. You can draw a border 
that also encloses a title (Fig. 10-6E). 

For the most attractive results, either do all 
the preliminary setting out lightly so the survey 
lines can be erased, or trace your first map, omit- 
ting the early constructional lines. If others need to 
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Fig. 10-6. A compass survey of a road or trail may be converted to a map. 


consult your map, it is advisable to make prints or ROADSIDE SURVEY 
photocopies so you do not have to part with your A further development of the line survey just de- 
original map. scribed is a survey to produce a map of a road with 
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some of the surrounding features. The road itself 
can be surveyed with the aid of a compass, in the 
same way, or by the method described in the next 
section. 

The first task is mapping the road itself. You 
can measure by pacing, with a tape measure, or a 
marked rope, but if there are considerable dis- 
tances to deal with this could get tedious and may 
lead to errors. It may be that you have reasonably 
straight parts for up to Y» mile or even more. When 
you get to that sort of distance you may use a car and 
note tenths of a mile on the odometer. In any case, 
measurement of the overall distance by car would 
provide a check on the intermediate distances, 
which might include a few errors that build up to a 
total further out than would be acceptable. You will 
also have to provide some intermediate sighting 
positions that may come on a straight part of the 
road. The effect is to reduce distances between 
marks. 

A freehand sketch map may serve for prelimi- 
nary planning. Bends in the road will be places 
where you change sights along the road. If there are 
landmarks away from the road, you need sighting 
positions along the road for them. If there are road- 
side houses, gates, and other features that you want 
to put on your map, allow for positioning them. 
There could be other roads or trails to include. Put 
all these things on your sketch map and check with 
this as you progress along the road (Fig. 10-7A). It 
may be possible to draw the final map as you prog- 
ress, if you have a piece of paper on a board and use 
a protractor and rule to transfer every new angle or 
distance as you obtain them. Alternatively, use a 
notebook, as previously described, or enter angles 
and distances on your sketch map. Different colors 
help to reduce the risk of confusion. 

The locations of landmarks away from the road 
are found by triangulation. As a triangle cannot be 
distorted, any plotting that involves three angles, 
or one side of the triangle and two angles, or the 
lengths of three sides, must be a definite size and 
shape. In this sort of surveying, we mostly use a 
measured side of the triangle and the angles at each 
end of it to project sides to meet at the object being 
sighted. 


Asan example, there is a building that we want 
to put on the map, some distance from the road (Fig. 
10-7B). Take a bearing on it, preferably when the 
angle to the road is about 45? (Fig. 10-7C). Measure 
a distance along the road until you can sight the 
building at about 45? the other way in relation to the 
road (Fig. 10-7D). Plot the sighting places to scale 
on your map and repeat the sight angles. Your lines 
give you the scale position of the building. It helps 
to confirm your result by taking a third bearing, 
preferably about midway between the other two, so 
it is about square to the baseline (Fig. 10-7E). 

The exact angles are not important, but if you 
can make the sight lines cross somewhere near 
square, the crossing is more easily determined than 
ifthey cross acutely. Of course, circumstances may 
decide you have to accept acutely crossing lines. 
The way the road goes may mean you have to use 
sights not very different from each other. This 
could also happen if the building is partly hidden by 
trees. If sight lines cross acutely, the exact point to 
draw the building is not so obvious (Fig. 10-7F). 

The road probably comes from further back 
than where you start to map it and goes on further 
than you want to cover. Determine some marked 
positions, if possible. Otherwise, establish your 
own marks, possibly with a pile of stones or a post 
driven into the verge. If you have to come back for 
another reading, there will be no doubt where the 
starting point was. 

Start sighting and measuring along the road, in 
the same way as for the path survey, using an 
assistant to hold a pole at bends or where you want 
to take the next bearing (Fig. 10-8A). If you need a 
point for a landmark bearing along a straight road, it 
will probably be best to start a new road bearing 
from there (Fig. 10-8B), even if itis the same angle 
as the previous one. 

Note landmark bearing and continue along the 
road. You may have to include some bends before 
you sight the landmark again, but that does not 
matter—your sighting each time is related to a 
north/south line, not to the variations in the road 
(Fig. 10-8C). Providing you are certain of the loca- 
tions of the sighting positions, meanderings of the 
road in between do not matter. 
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Fig. 10-8. Bearings from the road, as well as along it, get the positions of all important points that have to be mapped. 


Positions of buildings, gates, signs, or any- 
thing else to note alongside the road can be mea- 
sured and plotted on the map as you progress. If you 
want to mark the end of a path, track, or other 
juncton with the road, without mapping its course 
far from the road, you can take a bearing of its angle 
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as it leaves the road. Draw it in for just a short 
distance (Fig. 10-8D). A railroad crossing is usually 
easy because it will be straight, or very nearly so. 
You can take a bearing and draw it on the map (Fig. 
10-8E). 

If you come to a road crossing you will have to 


decide how far you need to map the road in each 
direction. If it is straight and you can see it going off 
into the distance, it is simply a case of taking a 
bearing (Fig. 10-8F). If there are bends in it, and 
you want to map it accurately, you will have to 
continue taking bearings and measuring in each 
direction before returning to the principle route. 
It may be possible to provide a check from a 
side road. If you can see a landmark from it, you can 
take a bearing of it from a known position on the 
other road. If that does not come close to the first 
position, you will have to check further (Fig. 
10-8G). You may be able to see things on one road 


from the other. If so, you can take a cross bearing. 
Any bearing you can take of one thing from another 
serves to check your previous working and confirm 
the accuracy of your mapping. 

If you make a map with paper on a board as you 
take sights and measurements, it should be treated 
as a working copy. A finished map can be made from 
it, usually by tracing. A border will show the limits 
of your survey, and you can add the scale and north 
arrow in the margin. 


PLANE TABLE ROAD SURVEY 
It is possible to map a road, path, or any series of 





Fig. 10-9. A plane table is a drawing board (A, B). The alidade to use with it is a straightedge with sights (C, D). 
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bearings by direct sighting over the paper that will 
form the working map. You need a sketch board, or 
plane table, large enough to take the paper that will 
make the map, and some means of supporting it 
level for sighting. In its simplest form, you have a 
piece of plywood nailed to a single post about 4 to 5 
feet high (Fig. 10-9A). An assistant holds it upright 
while you sight. It would be better to have the board 
on a tripod (Fig. 10-9B). Three legs will stand 
without wobbling on any surface, and you can work 
without an assistant. 

On this you need an alidade. This is a simple 
sighting aid. One may be bought, but you can make 
an equally satisfactory one. You need a piece of 
wood with a straight edge, at least as long as the 
longest line you will want to draw. The longer the 
strip is, the more accurate will be your sighting. 
The simplest sights are two nails driven into the 
edge and bent upwards (Fig. 10-9C). Rather better 
are a pair of sights cut from aluminum or tinplate (an 
old drink can, cut with scissors), bent and nailed on 
(Fig. 10-9D). 

Draw a line across one end of the paper that 
will serve as the north/south direction of your map. 
If you know that you will be plotting a general 
direction that does not suit having north that way, 
draw the line as needed. If there is no good reason 
to do otherwise, having north/south square to the 
paper is convenient. Attach the paper to the board 
with adhesive tape or pins. 

Atthe start of your survey, position your board 
above the starting place and use a compass to set 
the north/south line true. Mark a starting dot on the 
paper. Push a pin upright into the dot. Bring the 
alidade up to the pin so it can pivot against it and 
sight along it to the post your assistant is holding at 
the next key position (Fig. 10-10A). When you are 
satisfied that the bearing is correct, pencil along the 
alidade from the pin. Measure along the ground and 
mark the scale distance along the line from the 
starting dot (Fig. 10-10B). 

Move your board to the position you sighted, 
while your assistant takes his pole to the next posi- 
tion. Set the board so the north/south line agrees 
with the compass. Put the pin in the new sighting 
position and take another sight with the alidade 
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against the pin (Fig. 10-10C). Draw that line and 
measure along it the second scale distance (Fig. 
10-10D). Continue in this way until you have 
mapped the road as far as you need. 

Similar methods can be used if you want to 
locate a landmark away from the road. At a suitable 
point, you sight it with the alidade and draw a line. 
Later you take another similar sight from another 
point (Fig. 10-10E) to get the position of the land- 
mark on your map. As with the compass sighting 
method, a third sighting can be used to confirm the 
other two. 


TRAVERSES 


As can be seen, producing a map by sighting with a 
compass or working on a plane table with an alidade 
achieve very similar results. In practice, there may 
be little to choose between the two methods. If you 
want to make a survey and keep a list of bearings 
and distances to apply to a map to be made later, a 
compass survey will be chosen. Using an alidade 
cuts out the need to read angles and transfer them 
later with a protractor. 

A series of bearings that are linked may be 
called a traverse. The sights along a road or path are 
a traverse. They could happen in undeveloped 
country, where you need to map your progress from 
tree to tree, as you might when working around an 
unclimbable rock outcrop (Fig. 10-11A). If you do 
not do this as you go from tree to tree or other 
landmark, you may be uncertain of your position 
when you get to the other side of the obstruction 
(Fig. 10-11B). With clear ground ahead of you, you 
can set a course for your destination, because you 
are sure of your departure point. Such a traverse 
can be drawn on the map you are navigating with, if 
itis a large enough scale. Otherwise you may have 
to make the traverse on a piece of paper, to any 
suitable scale, then find the bearing and distance of 
the far end from the start (Fig. 10-11C). Apply that, 
at the correct scale, to the map you are using as a 
guide (Fig. 10-11D). 

Sometimes a traverse is needed that brings 
you back to the starting point. That may be called a 
closed traverse. 'This could happen if you are laying 
out the course for a cross-country race that will 





Fig. 10-10. A road is surveyed by sighting in stages and drawing along the alidade as mapping progresses. 


finish where it started. It might happen if you want 
to map an enclosed space, such as a plantation of 
trees enclosed by a fence. The fact that the shape 
you draw on the map should close gives you a check 
on the accuracy of your surveying. Perfection may 
be difficult to achieve, but you will have to decide 
what margin of error the particular project would 
accept. 

You can use similar methods, whether you 


sight with a compass or an alidade. From the start- 
ing position, sight and record the direction of your 
first mark and measure its distance (Fig. 10-12A). 
Go to that mark and sight and record from there 
(Fig. 10-12B). If the fence is straight, the corners 
are the obvious sighting positions. If there are defi- 
nite bends in the fence, you may have to use inter- 
mediate marks. You may need to put a pole in place 
temporarily for sighting. However, if you can see 
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Fig. 10-11. A map between hidden points may require a detour survey. 


past a curve to a corner, a sight on that may be 
enough and you can estimate the amount of curve 
when you draw the map. 

Work around the shape. It is very unlikely that 
your final position will fall exactly on your starting 
position (Fig. 10-12C). Check how far it is out. If it 
is only a small amount, you will have to alter the 
map to close it, but do not do that by only moving 
the last sight line. That would put all the error in 
that line, bringing it to a very different angle and 
length from what it was. You have to spread the 
error, so part of it is taken up in earlier sightings. If 
there is a gap where the closure should be, with the 
two positions in line, the fault is probably in the 
angles, rather than the lengths. Close in each of the 
earlier. angles a little to get the shape right (Fig. 
10-12D). 

Ifthe final sight line overlaps the first one, you 
may open each angle slightly (Fig. 10-12E). If the 
fault appears to be in distances, you can lengthen or 
shorten each slightly. There will probably have to 
be a slight modification of lengths and angles. 
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If the discrepancy at the end is more than you 
feel is acceptable, you will have to check your 
surveying again. It would help to go round the route 
the opposite way. Besides treating this as a new 
survey you can compare compass directions, if you 
were using a compass and not an alidade. The 
readings should be reciprocals of the first, so each 
should be 180? more or less than previously. Errors 
may be more likely in distances, particularly if you 
are pacing over uneven ground. A reverse survey 
superimposed on the other survey may show you 
possibly just one error that is the cause of the 
trouble. 

Making a closed survey is good practice. It 
could be done on quite a small scale for training 
young people, where all the points are in view of the 
start and the instructor can watch for errors as poles 
or other markers are sighted and measured. 


PLANE TABLE AREA SURVEY 


Mapmaking depends on starting with a baseline of 
known length and the means of taking bearings from 


its ends. In important mapmaking, at national or 
international level, the methods of measuring and 
establishing the baseline are extremely advanced, 
and the degree of precision is such that amateur 
mapmakers might not comprehend it. Similarly, the 


instruments used for taking bearings work to such 
fine limits that they make the instruments we use 
seem very crude. It is with that sort of equipment 
that the maps on which we depend are produced. 

In the earlier examples, we used а road or path 





Fig. 10-12. In aclosed transit survey bearings between points (A, B) may not close exactly and have to be adjusted (C, D, E). 
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as a sort of baseline from which to take bearings. 
Making a map of an enclosed area or one with a 
great many scattered landmarks, but without a road 
or path, means preparing a baseline from which to 
work. As an example, suppose there is a field with 
Six sides and two gates that has to be mapped (Fig. 
10-13A). The shape is such that the corners and 
gates can all be seen from near the middle of the 
field. 

The first thing to do is establish a baseline near 
the center of the field. It does not have to be parallel 
with a side or in any special position related to 
north. How long it is depends on circumstances. It 
would be better not coming too close to any side or 
corner, but a long line should produce greater accu- 
racy than a short one, due to the greater spacing 
between sighting positions. If it is not more than 
half the distance across the field, that may be about 
right. If the field is a vast area, you may find some- 
thing proportionately much less than that easier to 
lay out and measure. You do not actually have to 
draw a line in the field—all you need are accurate 
locations of its ends (Fig. 10-13B). 

The final accuracy of the map depends on the 
accuracy of measuring between the markers at the 
ends of the line. For some purposes it may be 
accurate enough to pace the length of the line. For 
greater accuracy, you may use a pole of known 
length, turned over along the line, or you may 
measure with a tape measure. Put a peg in the 
ground at one end and a vertical pole at the other 
end. Later you will change them about, but be 
careful not to lose the marks. 

You can make the survey with a plane table and 
an alidade only. There is no need for a compass in 
this method. Put your plane table over the peg at 
one end of the line. It helps to have a weighted 
line—a plumb line—hanging between the tripod 
legs for accurate centering (Fig. 10-13C). Take 
your first sight of the pole at the other end of the line 
and draw a line along the alidade right across the 
paper. On this line mark the scale length of the 
baseline (Fig. 10-13D). Put a pin in the end of the 
line that represents where the table is. Use this as a 
pivot for the alidade to sight corners, gates, and 
anything else that should be put on the map. Be 
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careful not to alter the board and make sure you 
sight everything you want before moving (Fig. 10- 
13E). The lines you draw are best made longer than 
they will need to be and you should identify them. It 
may help to number them in accordance with figures 
put on a rough sketch map (Fig. 10-13F). Other- 
wise, you may find yourself using the lines incor- 
rectly later. 

Move your table on its tripod to the other end 
of the line and put the pole where the peg was at the 
first end. Your first job at the second end is to put 
the alidade over the baseline drawing of the map and 
sight back at the pole. Move the table until that line 
is correctly oriented in relation to the ground. With 
the accuracy of the baseline established, sight from 
that end all the positions you sighted before. This 
will give you a maze of lines, but if you use the 
numbers to identify them you can mark the 
crossings you need (Fig. 10-13G). 

With all the positions marked, join them to get 
the outline of the field (Fig. 10-13H). If it is a fairly 
large fiéld, sightings of smaller sizes, such as the 
width of a gate, may not be accurate or worthwhile. 
It is better then to only sight one end of the gate and 
either go there and measure the width or make an 
estimate of it. 

The project here can be seen to be very similar 
to the traverse of the fence round a plantation of 
trees. Because of the trees, it would be impossible 
to use a central baseline. Traversing would have to 
be used. In the case of the open field, it would be 
possible to use either or both methods. If used 
together, one would make a check on the other. 
After the area survey with the plane table, one or 
more sides of the field could be measured and com- 
pared with the drawing. Similar bearings could be 
taken and compared. If a few checks confirm the 
first method, there may be no need to carry out a full 
traverse around the field. 


COMPASS AREA SURVEY 


Bearings taken with a compass, as described for the 
road survey, could have been used at the ends of the 
baseline in the field survey. Instead of actually 
making the map on a board over the two ends of the 
line, the line could be laid out with the aid of a 





Fig. 10-13. A plane table survey of a field is made from the ends of a line in the field, with crossing sight lines joined. 
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compass. You know its bearing and can repeat it on 
the map you make, but which need not be there in 
the field. Instead, you keep a record of bearings, 
using the identification numbers on a sketch map, 
arranged in a separate table for each end of the line. 

When you make the map, put north lines 
through each end of the drawn baseline. Use your 
protractor to mark the angles of the lines from your 
table (Fig. 10-14A). As before, do this from both 
ends of the baseline and identify the correct 
crossings to link up the for the shape of the field 
(Fig. 10-14B). 

That method of surveying is of more use for 


locating a large number of individual objects in an 
open area, where there are no roads or enclosing 
fences. As an example, suppose you want to know 
the positions of all oak trees scattered over a large 
area. You need to find somewhere reasonably cen- 
tral where you can see the trees. Ideally, this is 
higher ground. 

At the chosen position, establish your base- 
line. Mark the ends and measure the length as 
accurately as possible, as for the previous method. 
If you have any choice of direction, try to position 
the ends of the line where you get the best view of 
the trees, without one hiding another. Take a bear- 





Fig. 10-14. The field could be surveyed using compass bearings, listed and joined in the same way as the alidade survey. 
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ing along the line from one marker to the other. 
Draw the scale line on the map on this same bearing 
and put north/south lines through the ends with a 
protractor. It does not matter what the bearing of 
the baseline is, nor how acutely the north/south 
lines are to it. Let it come as it will for the best 
layout of the ground. 

Make a rough sketch map as a guide to iden- 
tifying the trees by letter or number (Fig. 10-15A). 
Prepare your notebook to list the bearings of the 
trees, either in a separate table for each end of the 
baseline, or in a combined list (Fig. 10-15B). Stand 
over each end of the line in turn and take bearings of 
all the trees in all directions. 

At the map, repeat these bearings, using the 
protractor to get the scale positions of the trees 
(Fig. 10-15C). A circle at each place will identify it. 

Suppose there is no high ground to sight from, 
or even if there is, you cannot see all the individual 
trees. You will have to get all the positions possible 
with the baseline in the best place. If there are only 
а few more trees to be positioned, one way is to get 
bearings of them from trees you have already plot- 
ted. Go to a tree and take a bearing of a new tree 
from it (Fig. 10-15D), then go to another located 
tree and take a bearing from there. The new tree 
should be in the position these lines cross on your 
map (Fig. 10-15E). If you can get a sight from a third 
tree, it will check both the accuracy of your first 
plotting and of these latest sights. 

If there are many more trees to be located, it 
may be better to establish a second baseline. If 
most of the trees can be seen from one end of the 
original baseline, but not the other, you might take 
a new line from the first end, at any convenient 
angle. Measure it accurately to any useful length. It 
does not matter if it is longer or shorter than the 
first line. Note its bearing and length, then repeat 
this to scale on your map (Fig. 10-16A). If the 
opposite ends of the line are within view of each 
other, a sight across will provide a check bearing 
(Fig. 10-16B). If it is possible to measure the dis- 
tance, that will provide a further check. 

Use the new line in the same way as the first to 
get cross bearings on more trees. That may com- 
plete your survey. It may be that the only way to get 


the bearings of other trees is to use an independent 
baseline. The problem then is to know the location 
of the new line in relation to thé old on the ground 
and to draw it in the correct position on the map. 

The first thing to do is to decide where the line 
must come to get satisfactory views of the remain- 
ing trees. This can be anywhere, except you need to 
be able to see one, or preferably both, ends from the 
two ends ofthe original baseline, if that is possible. 

Decide where one end is to come and put a pole 
there. Take bearings of this from both ends of the 
first baseline and draw these on the map (Fig. 10- 
16C). You have the spot position. Lay out the line 
on the ground to the length you want and position 
another pole. Note the bearing of one pole from the 
other and repeat that on the map, with the length of 
the line marked (Fig. 10-16D). If the second pole is 
within view from the ends of the original baseline, 
take bearings from them or back to them. Try these 
on the map. As long as any error is very slight, you 
have confirmed the location of the second line in 
relation to the first and can go ahead sighting and 
plotting the positions of the remaining trees. 

Inan extensive survey, you may have to repeat 
similar actions many times. Having plotted all the 
information you can from one baseline, you estab- 
lish another and work from that. Remember that 
any position has to be located by two or more 
bearings from known locations. This is triangula- 
tion, using the fact that a triangle with certain 
lengths of sides or corner angles can only be one 
size and shape. If you find you are depending on one 
bearing or on two bearings to different parts of an 
object, there is something wrong. Suppose you 
have bearings to the opposite ends of a short wall 
(Fig. 10-174), either by compass or alidade. The 
direction of the wall could vary and still give very 
close readings (Fig. 10-17B). You need triangulated 
bearings at both ends of it for accuracy (Fig. 10- 
17C). 

Triangulating can be a building-up process: If 
you get all you need from one baseline, two objects 
you sighted can form the ends of another baseline 
for bearings further away (Fig. 10-17D). Two more 
might make the baseline in another direction. If it is 
possible to measure between the objects, that pro- 
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Fig. 10-15. Isolated points, such as trees, can be plotted by sighting from the opposite ends of a baseline. 
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Fig. 10-16. It may be necessary to use more than one baseline to sight everything that has to be mapped. 


vides confirmation, but you may have to trust the 
positions found by the original sightings. Extensive 
surveys of quite large tracts of country are made in 
this way, but the greater accuracy of instruments 
makes for less risk of error when triangles build on 
to other triangles that can be expected when the 
same processes are done by amateurs with simple 
equipment. 


ELEVATIONS 
The methods described for getting horizontal mea- 


surements and layouts with reasonable accuracy, 
using simple and basic equipment, do not have 
counterparts when elevations have to be measured. 
There is no simple way of discovering elevations 
without more advanced instruments. 

The instrument used is a clinometer that looks 
like a small telescope on a stand. It mounts on a 
tripod and is used to view a distant pole marked at 
the same height as the clinometer is above the 
ground. The clinometer has a levelling device. 
When you sight through it an object higher or lower 
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Fig. 10-17. Sights are needed of points (A, B, C), and triangles may be built on to triangles in an extended survey. 


than where you are, you can read the percentage of 
slope. If you know the distance you are viewing, 
there are tables that will tell you how much higher 
or lower the distant place is. In this way you can 
establish heights above or below your starting 
point. These can be marked as spots on your map. If 
you get enough of them, they give you elevations 
that can be joined to provide approximately correct 
contour lines. 

Without a clinometer to allow you to measure 
elevations, you may have to leave your map without 
height indications, although if there are great dif- 
ferences in level it would be unsatisfactory to leave 
the map with no indication of this. You could use 
hatches around hills. If there is a definite shape to a 
hill, you might draw contour lines freehand around 
it to indicate its shape and the relative steepness of 
different parts. These could be without any attempt 
to indicate differences in elevation in feet, provid- 
ing you put a note on the map saying that is the 
object. 

If you have a published map of the area, even if 


170 


it is to a very different scale and with not much of 
the information you have put on your map, it may be 
possible to extract some contour lines from it to put 
on your map. You might do this freehand through 
key points, but a more accurate way uses a grid on 
each map. Suppose you have drawn your map to a 
scale of 2 inches per mile, but the only other map 
that covers the area is at a scale of %-іпсһ per mile. 
It shows roads, but not the features drawn on your 
map, although there are some contour lines. 

Pencil an outline of the area covered by your 
map on the small-scale map and divide this into a 
convenient pattern of squares (Fig. 10-18A). Your 
map scale is four times this size, so divide your map 
into similar squares in the same relative positions, 
but four times as large (Fig. 10-18B). Note where 
contour lines cross the small squares and mark 
proportionately where they cross the large squares 
on your map. Join these marks to produce contour 
lines on the larger scale (Fig. 10-18C). 

You might go further and introduce some in- 
termediate contour lines. If you examine the 


small-scale map, you can see the general pattern of 
the hill formation and interpret this. Extra lines put 
midway between the existing contour lines should 
come quite close to the heights they represent (Fig. 
10-18D), although they have only been put there by 
estimation. At the larger scale they should be of 
value to users of the map. Include elevation num- 
bers at every line for clarity on a large scale, and 
note somewhere on the map that the elevations are 
in feet, meters, or whatever you chose. 


ENLARGED RIVER MAP 


Sometimes you need a map of just one feature on a 
larger scale than the map you have. It could be a 
map of roads that are to be followed in a bicycle race 
or time trial. It may be, as in this example, a river 





which you want to map with information added for 
canoeists. Maybe it is a special trip you are leading, 
and you want to give your party an idea of what to 
expect as they paddle down the river. You may be 
preparing a more permanent map for the use of 
canoeists at any time. 

Suppose the map on which you have to origi- 
nate your information does not give any details of 
the river, except two road bridges and contour lines 
that indicate a moderate fall in river level in the 
distance between the bridges (Fig. 10-194). Be- 
cause you need access for a vehicle, you decide the 
two road bridges will mark the limits of your en- 
larged map. With a map measure, or by estimation, 
you find the distance between the bridges is proba- 
bly a little over 10 miles. 








Fig. 10-18. A map may be enlarged or reduced by drawing grids of squares and drawing features in the correct relevant 
positions. 
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Fig. 10-19. Strip maps may be enlarged with squares and arranged in parallel sections. 


You have to decide next how much bigger the 
new map has to be for you to put on the canoeing 
information. In this case it could be 2% times as big. 
The proportion could be anything convenient, pro- 
viding you can draw squares or rectangles over the 
map and then draw them again to the correct pro- 
portion for the enlargement. Usually, a simple 
proportion and scale will do, but you may want to fit 
the enlarged map to a particular piece of paper or 
into the page of a notebook. It does not matter then 
if the enlarging figure includes an odd fraction, 
providing you also draw a scale long enough to be 
useful. If you are using an odd proportion, the map 
reader will not be able to take measurements witha 
rule. 

You could merely enlarge the whole section of 
map, as in the previous example, but that would 
make a rather large sheet, which might not be 


172 


convenient to handle in a canoe. It may be better to 
use strips (Fig. 10-19B). In this case two strips will 
enclose the river, but for a longer river or one with 
many twists, you may have to use more strips. 
Draw grids of squares or rectangles on the original 
map over the part of the river you want. Let them 
come as they will to enclose the river conveniently 
and arrange them to overlap slightly (Fig. 10-19C). 

Draw two similar grids to the enlarged scale 
and mark on each where the other overlaps, using 
dotted lines. It is natural for us to read from left to 
right, so although the original map has the north 
direction across the river, we arrange the enlarged 
grids with the start at the left, so they can be read in 
sequence from left to right. You will probably want 
to have them in the same direction as the original 
map while you transfer the lines representing the 
river and the bridges. While this way round, mark 


the north directions (Fig. 10-19D), which are dif- 
ferent on the two strips, due to moving them for 
convenience of layout. 

Note where the river crosses the line on the 
small grid and transfer these points to the large 
grids. You can join them and get a fair representa- 
tion of the course of the river. What else goes on 
may depend on what information you can find and 
how much you want to tell your readers. You may be 
able to discover features on the river from shore 
exploration, but for final details you will have to 
paddle down the river on a preliminary trip. As a 
result of either or both explorations, you can add all 
the notes you think necessary. Put in figures to 
show miles of progress. Where there are no land- 
marks it is often difficult to know where you are ona 
river, but the figures and compass will help. 


PROFESSIONAL MAPMAKING 


The methods of obtaining information from the land 
and converting it to a map, as described so far in this 
chapter, use simple and improvised equipment to 
produce a reasonable degree of accuracy that may 
be good enough for many purposes. Professionally 
produced maps have to be accurate to much finer 
limits, if they are to satisfy users with a great 
variety of needs. If the survey is to produce a map 
that will then be used as a base for making many 
other maps at different scales, accuracy is of first 
importance. Any errors will be repeated on the 
other maps. 

The methods of surveying to get the informa- 
tion for these very accurate maps are basically 
similar to those already described. Very accurate 
measuring, coupled with triangulation, covers most 
of the work. Obviously, the measuring instruments 
for distances and angles are of sophisticated pat- 
terns unavailable to the amateur mapmaker. 

For a survey of a large expanse of country, 
there have to be established points at a known 
distance apart. This distance may be many miles, 
but the imaginary line between them becomes the 
base for triangles establishing the locations of other 
points being surveyed. Other points form links. 
The area being surveyed is covered with a pattern 
of triangles, all with very accurately plotted points 


marking the ends of base lines and with angles 
measured with instruments capable of giving very 
fine readings. As can be seen, the techniques are 
really the same as in earlier examples, although the 
equipment is more advanced. 

That takes care of horizontal surveying, but 
information is also needed on heights. That is ob- 
tained by measuring vertical angles with a theodo- 
lite, clinometer, or other instrument from similarly 
located marked positions—both on the ground and 
on the map. The elevation of the viewing position 
has to be obtained with great precision, then other 
heights recorded are calculated from that. 

These actual positions on the ground are 
marked by metal tablets, called bench marks, or 
horizontal or vertical control stations. They are lo- 
cated in higher positions, as a surveyor wants to be 
able to see as much as possible of the surrounding 
terrain, as well as one or more similarly marked 
positions, probably at a considerable distance. The 
actual tablet is set in concrete or otherwise very 
permanently secured. It carries a cross in a circle, 
which is the actual datum from which measure- 
ments are taken. The words 'U.S. Geological Sur- 
vey' encircle the tablet and other information about 
the position is inscribed (Fig. 10-204), including a 
warning of the penalty for disturbing the mark! 

For anyone using a map, the situation of a 
bench mark is useful, as finding it gives you a spot 
check on your position. The locations are shown on 
Geological Survey Maps. The basic map mark is a 
triangle with a dot at its center, but other indica- 
tions show the type of mark (Fig. 10-20B). Marks 
concerned with elevations only are crosses, with 
the cross size larger than that used for a spot eleva- 
tion, which is not a survey mark. 


AERIAL PHOTOGRAPHS 


Before man was able to fly, all mapmaking had to be 
done by surveys at ground level, but a map is really 
a reduced picture of a portion of the surface of the 
earth as seen from a considerable height. A view 
from a balloon, airplane, helicopter, or even a 
satellite, should look like a map. A photograph 
taken from a sufficient height should not be very 
different from a drawn map. 
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Fig. 10-20. A survey point is marked with a tablet (A). Locations of spot heights of use to a map reader are marked (B). 


The value of aerial photographs was learned 
during World War I when the science of photogram- 
metry, or the making of maps from aerial photo- 
graphs was born. As the science has developed, 
elaborate surveying cameras were created, taking 
photographs at set angles as well as vertically. With 
the aid of modern electronics and computers, the 
information can be brought together to provide 
mapping information quickly and accurately. 

A map based on aerial photography is primarily 
planmetric, meaning it shows features as they are 
horizontally, but does not show relief in a form that 
can be measured. Modern methods allow a fairly 
good idea of relief, but there is still need for accu- 
rate surveying at ground level. In addition to its use 
in originating new maps, aerial survey can confirm 
or revise the details on older maps. Such surveys 
are particularly useful for noting changes in maps. If 
there has been extensive tree felling or new roads 
have been made, aerial survey can confirm the al- 
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terations noted on a ground survey, or even take its 
place when details of alterations are needed 
quickly. 

Aerial photography is increasingly used, and 
many maps have indications in the margin that some 
parts have been revised by aerial survey. Normally, 
maps made as the result of aerial survey are com- 
pleted with the usual symbols, but there are pub- 
lished maps which are formed by the overlapping 
actual photographs. A map needed urgently for 
military purposes might be made in this way. With 
modern methods of photography and printing, the 
details are clear and the scale quite accurate. 

Aerial photographs may be taken so overlap- 
ping photographs give a stereoscopic effect. With a 
suitable aid, a picture may be seen to stand out, and 
a better idea of what is photographed from the air 
can be obtained. The simplest aid is a stereoscope, 
consisting of two lenses spaced to suit the eyes and 
supported on legs, whichrest over the photograph. 
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Special Maps 





LL MAPS ARE SPECIAL IN SOME WAY. ROAD 

maps discard some information irrelevent to 
motorists and gives prominence to features that are 
important to them, or which the compilers of the 
map want to draw to their attention. Topographic 
maps of country without roads are obviously of 
more use to walkers, horse riders, and canoeists, 
so the information provided is what they may ex- 
pect to want. Even a general purpose map, which 
has no particular emphasis, is special in that it is 
intended to provide a balanced picture of the fea- 
tures of that part of the earth’s surface, without 
emphasizing the needs of any particular users. 

Most of the specialized American maps have 
their origins in the maps of the National Geological 
Survey or of a state or other more local survey. It is 
unlikely that the special maps will have started from 
their own survey, although some of small areas 
could, particularly if it is а new development with 
the required details not already available at a suffi- 
ciently large scale. Special maps may carry an 


acknowledgment in the margin to the source of the 
base map and the date of its survey, which may be 
important in assessing its accuracy. The new map 
may show additions and alterations to it at a later 
date, possibly in the future, if it is a project planning 
map. 

A special map may be based on an existing map 
to the extent of extracting what information is rel- 
evant, discarding other details, and drawing in the 
specialized features for which the map is to be used. 
Maps to be produced in large numbers may be 
prepared in that way, with a new independent pro- 
duction, but sometimes a special map is needed as a 
discussion document or for use for a limited period 
by a small number of people. 


BASE MAPS 


There are base maps available of many scales and 
forms, which are intended to be drawn over. The 
map is usually drawn in black on white paper, usu- 
ally with thin lines and no heavy markings so the 
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special features can be drawn in. They will be 
prominent and not have to compete for attention 
with details already heavily printed (and possibly 
not wanted) for the particular use of the new map. 

Some of these base maps are very local and 
may be used in connection with legal documents 
concerning the transfer of land or the erection of 
new buildings. The intended changes can be drawn 
in with a contrasting color, with any written anno- 
tations. The location is immediately obvious from 
the already printed details of streets. Such maps 
may be produced at state, county, municipal, and 
regional levels. Other maps may have much wider 
coverage, but they are drawn to provide 
backgrounds to special features to be added. For 
instance, there could be a regional map prepared by 
the Boy Scout Association showing the location of 
troops, campgrounds, offices, and any other infor- 
mation of use to members. A trade organization 
may show the locations of factories and member 
offices, possibly with symbols indicating their 
status, number of employees, or anything else ap- 
propriate. In both cases, it might be just a one-off 
map on the wall at the center of administration, with 
handwritten alterations to keep it up-to-date. Base 
maps probably have most use in this way, but they 
could be the first step ina more ambitious project of 
a separately printed production of large numbers, 
for general sale or for distribution to members of an 
organization. 

The availability of base maps is not always 
widely advertised. Such maps are usually cheap, 
because there is no multicolor printing. They could 
be of use to individual map enthusiasts, who want to 
have their own map showing special interests or 
features discovered while exploring an area. You 
can draw on bearings of frequently used routes or 
any other landmark or other feature peculiar to your 
own needs. You may even name isolated trees or 
rocks. If an organization regularly uses an area, 
such maps become something special to members. 
Base maps can form the background to orienteering 
maps. Any of the civic authorities concerned with 
planning at various levels should be able to tell you 
how to obtain base maps at various scales, if they 
are available for the area you want. 
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POLITICAL AND PHYSICAL MAPS 

Maps on small scales of large areas cannot show 
much detail. If there is an attempt to show much, 
the map becomes confused and difficult to read. 
Quite often the user does not want to know about 
everything that has been illustrated, so he gets 
frustrated. If he wants to know about boundaries of 
states or countries and the locations of principal 
cities, contour lines and other indications of physi- 
cal features would be regarded as irrelevant and a 
nuisance. 

In small-scale maps, it is these divisions that 
are most often seen. A map is political if it shows 
boundaries, cities, and not much else. Colors are 
often used, so a selection of a few colors allows 
adjoining states or countries to have different colors 
and their outlines become very obvious. In black 
and white, the borders may be less obvious, but 
without the confusion of other lines they are still 
quite clear (Fig. 11-1A). 

If the map user is more interested in ranges of 
mountains, the extents of plains, and other fea- 
tures, and he only wants to find names of important 
cities and borders as locating guides, the map of the 
same area becomes very different (Fig. 11-1B). It is 
called a physical map. In atlases, political and physi- 
cal maps may be printed on opposite pages for easy 
reference. 

A physical map on a small scale can only have 
contour lines at very wide differences in elevation, 
but if the spaces between lines are layered with 
colors, a good picture of the rising and falling of the 
land over a large area can be seen immediately. If 
only black and white are used, it is not so easy to 
see differences, but as lines get closer with steep- 
ness, mountains are easily separated from plains. 

On a physical map, borders and towns are 
printed lighter than on a political map. Rivers are 
more relevant to the physical map, yet only the 
largest would be on a political map. Roads and 
railroads may not appear оп а very small-scale map, 
but the more important through routes could be on 
the political map, yet only on the physical map if 
they showed the use of passes or some other fea- 
ture connected with physical features. 

Globes are obtainable with these differences. 


Besides the general purpose globes, there are 
others which give prominence to national bound- 
aries with the use of colors. Other globes are ar- 
ranged to give prominence to physical features. 
This also applies to maps of the world. Most are 
arranged with the use of colors to show national 
boundaries. Others show physical features, but 
then only great differences in elevation can be 
shown. Some of these maps rely on hatching and 
color shading to indicate mountain ranges, almost 
pictorially and without very great precision. 


AERONAUTICAL CHARTS 


With the comparatively fast development of flying 
has come a need for maps to be used by airplane 
navigators. These are akin to the charts used for 
navigation at sea, and it is usual to refer to 
aeronautical charts rather than maps. Early flying 
altitude was fairly low, and the navigator could refer 
to things he could see on the ground to get his 
directions from them. Of course, this is possible 
with light airplanes and some navigation is still 
done by identifying landmarks while flying over 
them. 

The first aeronautical chart was published in 
the United States in 1927, as astrip covering the air 
route from Kansas City to Moline, Illinois, but after 
a few years aeronautical charts became more gen- 
eral. Such charts are basically land maps. Contour 
lines do not mean much to a flier and hills may be 
shown shaded, although some spot heights are 
given. Landing strip and airport details carry infor- 
mation on beacons and lights. Flying by using visual 
contact is called contact flying, and a series of sec- 
tional charts covering the whole country is avail- 
able. 

As radio navigation aids, air traffic control, 
plus higher speeds and higher altitudes, and the 
increasing reliance on instruments developed, 
there has come a need for charts to provide for 
these things, with only slight regard for contact 
flying by those operating suitable airplanes. Special 
charts are published for instrument flying. There 
are radio facility charts, some high-altitude naviga- 
tion charts with details of instrument procedures, 
terminal arrivals, and other information important 


to those handling fast, high-flying airplanes. It is 
important that only up-to-date information is used, 
and new charts or revisions are published as fre- 
quently as every 56 days. 

Even for contact flying there is a need to keep 
up-to-date. A motorist who finds a fault in his map 
may be inconvenienced, but is unlikely to be in 
danger. A flier using an out-of-date chart could be in 
serious trouble if facilities he expected were al- 
tered or not there. Visual aeronautical charts are 
not issued quite as frequently as those for instru- 
ment navigation, but there is a program of revi- 
sions, and a flier of even a small airplane needs to 
keep his charts up-to-date. 

Ordinary features on the ground, unconnected 
with flying, do not change much, as can be seen by 
the very long intervals between revisions and new 
issues of map sheets. Most features on discarded 
aeronautical charts are still correct. This means 
that for the ground-based user of maps for motor- 
ing, walking, or exploring, cancelled aeronautical 
charts have value and may be obtained free or very 
cheaply. 

Purple is a color that seems characteristic of 
aeronautical charts. It is used prominently to bor- 
der exclusion zones and other limits that have to be 
drawn to the attention of aerial navigators, who may 
have to check their position and progress with only 
brief reference to their chart. 

For flights worldwide, aeronautical charts 
have much in common with charts used at sea. For 
long distances, the chart projections have to allow 
for great circle routes. Navigation may be entirely 
by instrument with the aid of computers with the 
course being maintained automatically. The crew 
spend much of their time as reserves in case of 
failure of the automatic systems. With radio contact 
to ground stations, much control, can be done 
elsewhere, but in the ultimate situation, the 
navigator in the airplane has to understand how to 
interpret his charts. 


RECREATIONAL MAPS 


There are a great many national parks, state parks, 
and other recreational areas, which would not be of 
much value to visitors if there were no maps to be 
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Fig. 11-1. Political and physical maps of the same area. 
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used with them. Geological survey maps may cover 
these areas, but there are usually many features of 
particular interest to visitors that are not shown on 
them. Fortunately, in all cases where a special map 
would be of value, there is one. It may only be a 
rather sketchy pictorial map, without the accuracy 
of a proper topographical map, but it is intended as a 
general guide to the majority of visitors, who only 
want to know the location of view points, marked 
trails, lakes, and concessions. In that case, the 
more serious explorer will also want the appro- 
priate large-scale geological survey sheets as well. 

The National Parks Service issue visitor leaf- 
lets, which consist mainly of a map, with additional 
information. These cover parks, monuments, and 
historic sites under their control and are available at 
visitor centers. The map is in a simplified form and 
its scale varies according to the size of the area it 
has to cover and the amount of detail that has to be 
shown. A comparatively small national monument 
may be shown to a fairly large scale, with 1 mile 
covering several inches on the map. An extensive 
park, like Yellowstone, must be at a scale of many 
miles to 1 inch to get the map ona reasonable size of 
paper. This affects the amount of detail that can be 
shown, but there is a uniform pattern used for na- 
tional park visitor maps. 

The standard symbols have been described in 
Chapter 2. They are black and white. There is a 
general overall green or brown pattern on the map. 
Green is a characteristic of national park maps, but 
the shades of color used vary. In the case of a place 
with little variation in elevation, there may be dif- 
ferent shades of green to draw attention to particu- 
lar areas, with the actual monument or park in a 
light shade. If there is anything special about the 
immediately surrounding area, that may be darker. 
The further area is even darker, but all of the shades 
allow black print and black or blue lines for streams 
to be prominent, while roads and trails could be 
white, if they are not drawn red or black. 

If the park is large and contains many hills and 
valleys, the visitor maps are not given contours, 
presumably because it is expected that most vis- 
itors would not know how to interpret them. In- 
stead, the basic light green has darker green shad- 
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ing added to indicate hills and differences in levels. 
The shading is arranged as it would be when the sun 
is low to the west or north of west. This is 
supplemented by spot heights. Roads and trails on 
the map ofa large park are red. Creeks and streams 
are blue, but two shades of blue are used if boating 
is permitted on some water and not others. A dark 
blue is used where boating is prohibited or re- 
stricted, while a light blue shows water where 
boats can be used. 

For anyone with experience of using geologi- 
cal survey maps, the visitor maps may seem over- 
simplified, but they contain the information known 
to be needed by the majority of visitors (Fig. 11-2). 
If you want to go away from the usual visitor routes 
within a large park, other maps are advisable. Be- 
side the geological survey maps there may be spe- 
cial maps produced for the area, sometimes with 
special interests in mind, like natural history or 
geology. The maps can be purchased at the visitor 
center. Anyone intending to do more than just visit 
the standard tourist attractions should spend some 
time discovering what other maps are available. 

Anyone new to mapping, who is hesitant about 
going into wilder country with only his or her own 
resources as a guide, may find a trip with map and 
compass in a national park attractive. With the park 
organization and knowledgeable rangers to help, 
the venture can be undertaken knowing that there is 
some backing. If things go wrong, someone else 
may accept the ultimate responsibility. If things go 
well you can report back with your confidence en- 
hanced. 

Much of what has been said about national 
parks is applicable to state parks, except that they 
are usually smaller, and the need for a map is not as 
great. Sometimes there is no need for anything 
more than a sketch map showing picnic areas, camp 
sites, and roads or tracks through the park. Much 
depends on what the state park has to offer, and 
which state it is in, as some produce more lavish 
maps and leaflets than others. 

Within states, the location of parks is shown on 
the state map, usually with a cross reference to a 
list that gives details. There is a general National 
Park Service map that shows the locations of parks 
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Fig. 11-2. Part of a national parks map. 


and other properties they control. Regions of the 
National Park Service issue maps showing the lo- 
cation of facilities in their regions. 


FOREST MAPS 


The U.S. Department of Agriculture, Forest Ser- 
vice, controls many forests. Many of them allow 
access to visitors, who need maps of the parts 
available to them. For their own use in administra- 
tion, development, and protection, the Forest Ser- 
vice has a primary base series map of each forest to 
a scale of 1:24,000. All other maps for the particular 
forest are derived from this. Some of the maps are 
for their own work and development use, but others 
are intended for visitors. Simplest are visitors 
guides, which are intended to show points of inter- 
est, recreational facilities, parking, and other in- 
formation needed by the visitor not intending to go 
off marked areas. 

Forest visitor maps are available covering en- 
tire forests or other geographical areas at a scale of 
1:126,720, which is about 2 miles per inch. Most of 





the symbols used are the same as on geological 
survey maps, except that some special markings 
may be needed for features in particular forests. A 
comprehensive legend is provided. Color may be 
used to indicate ownership, where parts of the 
forest may be privately owned or worked by com- 
mercial concerns. 

In addition to these maps there are others for 
wilderness and specially designated areas that 
come within the national forest boundaries. These 
are probably of particular value to anyone who 
wants to go into undeveloped country with map and 
compass. The forest visitor guides are issued free 
to the public, but there is a charge for other maps. 
Forest Service national and regional offices can 
provide information on the availability and cost of 
maps covering forests. 

A small-scale map of the United States shows 
the location of areas covered by the Forest Service, 
with an indication of land besides forest, and the 
location of national and regional headquarters (Fig. 
11-3). This is an example of a map shorn of all but 
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Fig. 11-3. Part of a national forests map. 


the details needed to provide an index of locations 
and not intended to take the place of more detailed 
maps of more local areas. 


HISTORIC MAPS 


Maps can bring history to life. Anyone studying 
history soon finds a need to know the locations of 
places and events. Only a map can give a reliable 
picture. There are various kinds of historic maps, 
with some merely picturing places as they were and 
others relating the older places to modern layouts. 
It is interesting to see early maps, or prints of 
them, to notice how early cartographers dealt with 
the problem of showing features diagrammatically. 
Some maps are covered with pictorial representa- 
tions, which may give general arrangements with 
little precision. There was also the tendency to go 
off into fantasy when the mapmaker ran out of facts. 
Much early mapmaking of new territory was 
done by explorers who had first to go there by sea. 
Many early seafaring navigators had considerable 
skill in finding their way across oceans, and many of 
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them made a fairly accurate survey of coasts they 
reached. This information was needed for the safe 
navigation of their ships and was obviously impor- 
tant to them. When they went inland, their survey- 
ing was often not as exact. Maybe they did not have 
the skills needed for land surveying, or they did not 
regard inland details as very important, compared 
with the coast. Because of this, we find many old 
maps show coastlines not very different from mod- 
ern maps, but inland, we are uncertain what infor- 
mation to trust. 

Other maps of past times are modern products, 
using current knowledge of mapmaking, but show- 
ing details as they may have been during a certain 
period. Commonest maps of this type show lands of 
the Bible, and often bound into Bibles. Our knowl- 
edge.of those lands about 2000 years ago is fairly 
extensive. Scholars can identify places, and they 
can be drawn on a map with a reasonable certainty 
that they were as shown. Of course, if there are 
ruins or other remains, location can be positive. 
Borders between countries may be estimated. In 


the period being mapped, there were probably no 
exact borders and certainly no check points as we 
know them today. Maps can be made to show the 
land and water concerned with particular events in 
the Bible stories, such as St. Pauls voyages (Fig. 
11-4A). The map may just show details as they were 
then, or positions of modern places and borders 
may be superimposed. To avoid confusion, there 
could be a modern map on the same scale (Fig. 
11-4B). A second map on transparent film or tracing 
paper may be put over the first, for the better 
relation of new and old places. 

The Romans were the great explorers and col- 
onizers of Europe. They built roads and towns. 
Enough evidence of what they did can still be found 
for maps to be made showing Roman times. For 
instance, the British Ordnance Survey Department 
can supply a map of all the roads and settlements 
made by the Romans in England. Some of their 
“streets” and "ways" have been followed by mod- 
em roads and many of their settlements have be- 
come modern towns. There are other sites where it 
is still possible to trace Roman ways across fields, 
and the ruins of Roman villas are often uncovered. 

Similar maps of Roman times are produced for 
other European countries. It is also possible to get 
maps showing countries as they were at other 
periods. There are maps showing the Saxon period, 
before and after the Roman occupation of England. 
Maps of European countries in medieval times 
begin to look more like the maps with which we are 
familiar, but the economies were mainly agricul- 
tural and such towns as there were are surprisingly 
small compared with what they have grown into 
today. Roads were dirt and impassable in winter, so 
maps can show how small communities were 
inward-looking and self-reliant. 

As with the Biblical maps, it is helpful to have a 
modern map to the same scale for comparisons, 
particularly if you are tracing your ancestors. Evi- 
dence of earlier times is often easier to find in 
Europe than in America. Churches that were first 
built over 1,000 years ago are not difficult to find. 
There will have been modifications and rebuilding 
over the years, but they form a base for research. 
There are often domestic and other buildings re- 


lated to the church still there, either intact or as 
ruins. 

For the historic sites frequently visited, there 
are usually visitor maps available, very similar to 
those for national monuments in the United States, 
but the period of time portrayed for such a site as 
the ancient British stones at Stonehenge is infi- 
nitely greater. 


MODERN HISTORIC MAPS 


The history enthusiast wants many maps of things 
as they were, but most map users, with lesser 
interest in history, are more concerned with relat- 
ing history to the country as it is. They prefer a map 
to show them the point on a roadside or elsewhere 
that something historic happened. They prefer to 
know, on the land they identify, the situation of a 
particular happening, rather than study a map of the 
country as it was when the event took place. 

In America, there are maps of the earliest days 
of settlement, spreading from the east coast to 
follow the pioneers as they progressed west. At 
first, our forefathers were more concerned with 
getting where they were going safely than with 
accurate surveys, so some early maps are not much 
more than sketches. As the country became more 
settled, maps became more accurate. These maps 
are interesting studies, particularly of areas you 
know as they are now. 

In areas where major historic events of na- 
tional significance have not taken place, there may 
be no maps showing the location of places that 
figured in the affairs of the area in earlier days. If 
there is a local history society, they may use a base 
map and plot on it the situations of places they 
locate. If there is no society, an interested amateur 
historian may do this. Local archives may yield 
information and some local detective work will help 
to find positions, even if no actual evidence still 
exists there. 

For the affairs of greater importance to the 
nation, there are maps already published. Where 
there are national monuments or historic sites, 
there are National Parks Service maps of the usual 
type. In places like Gettysburg, where history is 
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Fig. 11-4. A map of the Eastern Mediterranean, in the days of St. Paul's journeys, compared with a modern map. 
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the dominant tourist interest, maps and guide books 
proliferate. 

Besides officially published maps, there are 
others offered commercially and some intended to 
promote particular interests. Anyone with a more 
serious interest in maps should usually visit an 
official information center first. There it should be 
possible to obtain a map of the area which gives a 
fair representation of the essential details. The map 
maintains a certain scale without undue emphasis 
on features that someone wants to bring to your 
attention. Having got that map, pick up any others 
that are available, but check their information 
against your first map. In some places, maps that 
are primarily advertising may be far from accurate 
in some details. It is always good policy to check 
official sources first and work from there. 

For wider coverage, suchas attempts to follow 
early trails going west, some modern maps show 
the locations of historic markers and indicate where 
modern roads follow the lines of the old trails. If you 
want more detail, you may have to conduct your 





own research, both generally and along the way in 
local archives. There are maps which show the 
general areas used by particular Indian tribes. Be- 
cause they were nomadic and rarely built settle- 
ments, it is difficult to prepare maps of their very 
early days in the same way as in Europe where most 
people settled in their own areas. 

There is history everywhere, in the fact that 
the land you are standing on has been there for 
thousands of years. Something must have hap- 
pened. Anyone carrying out local research needs a 
base map to mark on, if one is available. If not, it is 
probably better to have a sheet of tracing paper to 
put over a general map, with some key points 
marked, so you will put it back in the same place 
each time. You can then note your discoveries on 
the tracing paper and relate them to the map as it is 
today. You may find it best to have a general map of 
an area for plotting things away from towns. If you 
expect to find locations in an urban area, it is better 
to have a street plan to a larger scale, even if you 
have to draw it yourself. 
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Fig. 11-5. An overlay can be used to show the locations of historic buildings on a modern map. 
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When mapping in this way, it is best to keep 
details in a list away from the map. You might get 
confused later. It is better to use small circles with 
numbers in them or near them, witha reference list 
elsewhere (Fig. 11-5). You may find you want to 
mark each of a row of past stores and shops close 
together. With this method there should be enough 
space for neat marking. 


MILITARY MAPS 


Of course, a military map has much in common with 
a map of the same area intended for civilian use. 
Many of the symbols in general use are the same— 
roads, railroads, boundaries, and waterways are 
usually indicated in the same way. Maps normally 
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carry a full legend—there is no assumption that the 
user has obtained a knowledge of symbols from 
some other source. Scales show miles, kilometers, 
and nautical miles —the last because of their use by 
airplane navigators. (A nautical mile is longer than a 
statute mile (Fig. 11-6A).) 

An obvious difference, at the first glance, is 
the use ofa grid drawn over the map. The grid is not 
just marked at the borders, so the user needs to put 
a straight edge across. The squares are there al- 
ready, and a grid reference is easily obtained (Fig. 
11-6B). 

Elevations may be more important to a mili- 
tary user. Contour lines are usually at closer inter- 
vals than on many comparable civilian maps. For 
instance, on a map of 1:250,000 scale (about 6 miles 
per inch) contour intervals may be at 60 meters for 
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Fig. 11-6. Comparative scales and numbered grid lines are used on military maps. 
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the main contour lines, with supplementary con- 
tours at 30 meters. Comparable elevation intervals 
are, in feet, 200 feet and 100 feet for the same 
horizontal scale. 

The effect of this on the appearance of the map 
is to give a good picture of the shape of the terrain 
from the contour lines, where there are great dif- 
ferences in elevation on the area covered by the 
map. This is further emphasized by the use of tints. 
There could not be a different tint in every contour 
gap, but four yellow-brown tints are used to show 
differences of heights in wide bands of contours, 
such as 300/1525/2135/3355 meters or 1000/ 
5000/7000/11000 feet. This has the effect of draw- 
ing attention to greater differences in elevation, but 
contour lines still have to be observed for differ- 
ences within the bands. 

Shading is also applied to steeper slopes to 
further emphasize them and give the effect pro- 
duced when the sun is shining low from the west. 

Where a map is intended for the use of air as 
well as ground navigators, items of particular inter- 
est from the air are shown in purple. These include 
the various kinds of landing areas, from large air- 
fields to heliports, with attention drawn to obstruc- 
tions of various sorts and power lines. 

The standard tactical map of the United States 
Army is at 1:50,000 scale. This can show consider- 
able detail, including individual houses as black 
dots. Other maps at 1:25,000 (1 centimeter repre- 
sents 250 meters) and 1:12,500, are used to give a 
better representation of actual shapes. Roads may 
be closer to scale widths. 


LAND-USE MAPS 


Maps are needed to show how the land is used, what 
crops are grown, what the characteristics of the soil 
are, where there are minerals, and other informa- 
tion of value to those concerned with the adminis- 
tration of land potential. These may be maps pro- 
duced locally by developers. They could be wall 
maps kept up-to-date by the operators of extensive 
farmland to show the use being made of certain 
areas at the time. Details will be altered by hand, as 
needed. 


The maps may cover larger areas, up to maps 
of the whole country to show the main uses of land 
in various parts. If the maps deal with minerals, 
they could range from a map produced by one min- 
ing operation to show progress, to countrywide 
maps showing the whereabouts of known minerals. 

Another use of a mineral map comes when a 
claim is staked and it is necessary to define its legal 
limits (Fig. 11-7). The map is then more of a plan 
showing surveyed straight lines of marked length, 
with their bearings between staked points. Only 
sufficient natural or other features are given as are 
necessary to locate the claim. The map is accom- 
panied by notes that may give details of other fea- 
tures, which are omitted in the map or plan if they 
would confuse survey details. 

Soil surveys are scientific documents that give 
general descriptions of the soil, agricultural and 
climatic considerations, and background informa- 
tion. They are interpreted for farming and forestry, 
engineering, and community planning. The reports 
are accompanied by maps of each area to a large 
scale on a photomosaic base, showing the parts of 
the terrain referred to in the survey, with an indica- 
tion of soil classification. 

Local maps are best drawn on a suitable base 
map, if available, or ona tracing paper overlay ona 
standard map. If colors are used, it is easy to distin- 
guish different crops, pasture, and livestock. A 
tracing of a part of a large-scale map could be used 
to draw ona proposed new development, buildings, 
or a change of use of the land. Prints of the tracing 
could be colored. This would make a good discus- 
sion document between interested parties, even if 
some users are not accustomed to map reading 
(Fig. 11-8). 

Anyone with land under cultivation, and who is 
practicing crop rotation, may make annual maps to 
show what use is being made of different parts of his 
land. A small community may be glad of a local map 
showing the boundaries between land of different 
owners, with details of what use they make of the 
land. 

At the other extreme, national maps are pub- 
lished to show in a general way what use is being 
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Fig. 11-7. A map of a mining claim shows the outline and enough other information for locating. 


PROPOSED NEW 
LUMBER YARD 





Fig. 11-8. A simple plan can show intended alterations. 
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made of the land. Such maps have educational uses 
in letting the reader see immediately where there 
are mainly cattle ranges, wheatlands, vineyards, 
and other less usual crops. 


CENSUS MAPS 


The distribution of population is important to ad- 
ministrators, those who set up industries, and even 
to those with only a general touring interest. Areas 
with a high density of population are mostly indus- 
trial while the thinly populated areas are mostly 
rural. 

Many touring maps give some idea of popula- 
tion by indicating the sizes of towns, either by 
different symbols or by the sizes of lettering used 
for names, according to the population bands of the 
communities (see Chapter 2). This is some guide, 
but other population maps give a better guide to the 
overall distribution of people. 

As a result of national censuses, it is possible 
to extract much information besides just total num- 


bers of people and where they live. On map pro- 
duced shows the country, or part of it, as if viewed 
from a satellite at night, with people lit up in white 
against a dark background. Urbanized areas are 
then all-white, and the extent of the area each cov- 
ers is given its approximate shape. Outside this, 
the population density is shown with dots of dif- 
ferent size and pattern ranging down to places in 
urbanized areas with 25,000 to 50,000 population 
and dots representing each 500 of the remaining 
population in rural areas. 

The effect is to give an immediate picture of 
the spread of people by the greater masses of white, 
indicating big cities, to scattered smaller dots, and 
even some unmarked places where extremely few 
people live. 

Other maps produced by the Bureau of Census 
give the breakdown of such ethnic minorities as 
Chinese, Japanese, and those of Spanish origin in 
each county. Other maps show information con- 
cerned with housing. 





Fig. 11-9. A map with raised relief gives a good picture of the terrain. 
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RAISED MAPS 


Three-dimensional maps have some uses. If a map 
can be displayed flat on a table, it may have the 
surface raised according to the contour lines. It is 
easy to understand by those with little experience. 
If it is colored to indicate features of the land it 
represents, it gives an immediate picture to the 
viewer, who can go out and see the same thing full 
size. 

That sort of map has obvious uses in a visitor 
center or anywhere that people have to learn about 
new surroundings, such as at a campground or rec- 
reation center. It is difficult to construct and may be 
heavy, but the intended use may justify these disad- 
vantages (Fig. 11-9). 

Another use of a raised map is to enable blind 
persons to learn about a locality. In that case, roads 
are raised ridges and other features have their own 
systems of dots. Names can be provided in braille. 
In addition to a general map, there can be a plan to a 
much larger scale, with raised houses and other 


features in their actual shapes, plus braille names 
and other details. 


WORLDWIDE SPECIAL MAPS 


The maps described so far have been concerned 
with our own country or a small group of countries, 
but we are all part of one world, and there are many 
things happening in one country that affect others. 
We cannot isolate ourselves from the rest of the 
world when we consider such things as climate and 
communications. With increasingly better com- 
munications, individual communities, countries, 
and even continents cannot behave as though they 
need only bother about their own affairs, as seemed 
possible less than a century ago. 

Maps concerned with the whole world can be 
produced in many ways. The choice of projection 
depends to a certain extent on what is to be por- 
trayed. If the map is to show such things as agricul- 
ture or who lives where, the rectangular Mercator 
projection, with meridians of longitude all vertical 
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Fig. 11-10. A map showing migratory routes has north and south cut off, as not being necessary for the subject. 
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and square to the lines of latitude, probably gives 
the clearest picture. If the map has to show climatic 
movements or other movements about the world, 
the distortion due to that projection may interfere 
with the accuracy of what is shown. Then it is better 
to use one of the curved projections, usually one 
where the outline is elliptical, or a rectangle cut off 
one. The lines then show longitude curved and 
converging at the pole. 


With the land mass distribution as it is, the 
most convenient way to present the world map puts 
Africa near the center, with Europe to the north. 
This section is square to the viewer. America lies 
to the west and China and Australia to the east, 
following the curved contours. In this way, the most 
distorted parts of the map are in the Pacific Ocean, 
away from the greater land masses. Similarly, it is 
usually convenient to cut off the areas north and 
south of the main land masses and ignore the polar 
regions. An example shows the main migrations 
since the seventeenth century (Fig. 11-10). 


Another map with this layout may show how 
wet various places are (Fig. 11-11), either taking 
the whole year or witha series of maps showing the 
rainfall each month. For another purpose, it may be 
necessary to discover differences over a long 
period. The same sort of plotting can be used to 
discover how hot, sunny, or cloudy places are, 
either on average over a year or on a series of 
monthly maps. 


These climatic conditions are comparatively 
static, but if movements are to be portrayed, such 
as wind directions, a cutoff map is not so suitable. 
Some winds come from polar directions, and the 
winds of the Pacific Ocean are better shown if more 
of the ocean is on the map. An elliptical outline that 
embraces all degrees of latitude and longitude is 
more useful (Fig. 11-12), even if the further limits 
are not true shapes. Arrows indicating wind direc- 
tions are unaffected by that. 


A projection does not have to be made with 
Africa at the center. If the map is intended to give 
more prominence to sea or air routes around the 
American continent by bringing it to the center, one 
of the curved methods of projection would not be 


practical. One way of drawing such a map with a 
centrally positioned American continent is to use 
Mercator projection. That may still cut through 
Russia, China, or Australia, but for purposes of 
illustration the map could be extended to repeat 
some features near the side margins (Fig. 11-13). 
The fact that Australia appears twice should not 
mislead readers. This arrangement permits some 
important lines to be drawn in full, instead of incon- 
veniently going off one side to continue at the other. 


Not all things are best illustrated by the cus- 
tomary side view of the world. For instance, the 
believed movements of mammals in the very dis- 
tant past may be best shown on a map with the 
North Pole at the center (Fig. 11-14). As the tracks 
are mostly on the fringes of the polar region, a map 
in the conventional position would not show them as 
clearly. A map around the pole gives an increasingly 
distorted shape to places far from the pole, but for a 
map to illustrate one particular feature, true shapes 
are less important providing the places are recog- 
nizable or are named. 


Birds travel enormous distances, so any map 
intended to show the routes of bird migration needs 
to cover most of the world and allow for long dis- 
tances in many directions. The customary side view 
would take care of many routes, but a preliminary 
plot on a globe may show that converting the find- 
ings to a flat map is better done with a different 
view. Much depends on the extent of the survey. It 
may be better to adopt a circular shape with the 
North Pole off-center (Fig. 11-15). This allows the 
greater number of routes over Europe, Africa, and 
America to be shown. Those that occur around the 
other side of the pole can also be drawn in full. With 
this subject there have to be some broken route 
lines, but the particular layout keeps the majority of 
lines whole. 


The rectangular arrangement of latitude and 
longitude lines on the Mercator projection is ad- 
vantageous when the map is to be used to show time 
zones in different parts of the world in relation to 
each other (Fig. 11-16). As time zones are divided 
along meridians of longitude, the divisions are more 
clearly shown by having the lines straight. 
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Fig. 11-15. A map with the North Pole central shows the paths of bird migration, but land shapes are distorted the further they 
are from the pole. 
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Fig. 11-16. A map on Mercator's projection is convenient for marking time zones. 


MAPS IN THE UNIVERSE 

For а long time, man has mapped the sky at night, 
showing the positions of the stars. In our country, 
they are related to the North Star, which provides 
the fixed point about which the other stars appear to 
rotate. This means that as the earth revolves, the 
stars other than the North Star seem to move round 
it, giving different positions in relation to the 
viewer at different times of the night (Fig. 11-17). 

From the earliest times man has given names 
to various constellations, or formations, of stars. 
Sometimes it is difficult to see how a particular 
cluster can be assumed to represent the named 
thing or person. Astronomers may have separate 
names for individual stars, but the ordinary viewer 
tends to use the common, traditional names. 

Stars are of varying density, and the relative 
brightness is usually shown by the size ofthe drawn 
star. The tilt ofthe earth at different seasons causes 
more stars to appear above the horizon at some 
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times than at others. The planets also move in paths 
which do not conform to the same pattern of move- 
ment as the stars. To complicate things further, 
there are now some man-made satellites that can be 
seen. 

No one star map is of use at all times. A simple 
map may show the constellations around the North 
Star, although the map will have to be turned round 
to suit various times. This may be all that is needed 
by anyone wishing to find north by use of the stars. 
For anyone needing more information, there are 
star atlases, which show the visible star formations 
at different times and different seasons. 

Of course, there are more stars not normally 
visible to the naked eye. For the user of a tele- 
scope, the details are greater, and star mapping 
becomes possibly more advanced than any land 
mapping. 

Now that man has walked on the moon, maps 
have been produced as a result of all the findings. 
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Names are given to features discovered and there 
are even contour lines. Various orbiters have flown 
around the moon and taken photographs from dif- 
ferent angles. The photographs have been inter- 
preted to allow accurate estimates of the terrain and 
its heights and hollows. 
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With satellites going further into the universe, 
we may expect maps of planets and other heavenly 
bodies. This is all very far from the man on the 
ground finding his way with map and compass, but it 
is another branch of cartography, and we should be 
aware of it. 
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Nautical Charts and Waterway Maps 





BOATMAN MUST BE CONSTANTLY CONCERNED 

with what is beneath his keel. He must know 
how far it is to the bottom—a sort of elevation in 
reverse. A marine map may show contours, but 
these are depths from the surface of the water. A 
map ashore uses the water level as a datum for 
measuring heights above it. If the navigator is out of 
sight of land, his chart may show little except 
depths. When he comes in sight of land there are a 
great many aids arranged along most coastlines that 
he has to be aware of and which should be marked on 
his chart. He is also concerned with what the land 
looks like from the sea, so the chart may show him 
hills, prominent buildings, and anything else that he 
may expect to use in identifying the part of the coast 
he is approaching. 

Even on an inland river or lake, the boater is 
concerned with the depth of water. If he is using a 
canoe that only draws a few inches, he can usually 
see the bottom as the water shoals. Even then he 
may be glad to know in advance that one side of the 
river is shallower than the other, or that there is a 


sandbank very near the surface in the middle of the 
river. Anyone sailing needs a keel to prevent lee- 
way. A quite small sailing craft may need 30 inches 
of water in which to float, so a small-boat sailor 
needs to know about shallows and shores that 
shelve gradually. Larger craft may draw perhaps 20 
feet, and they have to be navigated very carefully in 
shallow water, where a dredged channel may not be 
very wide. Besides the contours and spot figures 
showing depths, a coastal or river chart will show 
where there are buoys and other marks as guides to 
keeping a deep-draft vessel on course. 
Navigating by checking the depth of water is a 
practice going back into early history. In the Bible, 
in the Acts of the Aspostles, Chapter 27 and verses 
27 to 30, we read of St. Paul’s shipwreck on Malta. 
The sailors sounded and found 20 fathoms, then 
they sounded again and found 15 fathoms. They 
realized they were moving into shallow water, and 
then they lowered four anchors to prevent the ship 
drifting ashore, possiby on to rocks. That chapter is 
worth reading for the seamanship involved. 
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The Biblical sailors measured depth by low- 
ering a weighted marked line and reading the mark 
at the surface when the weight touched bottom. 
Almost certainly they really did use fathoms, al- 
though they would have had a different name for 
them. Today a fathom measures 6 feet, but origi- 
nally it was the spread of a man’s arms from finger 
tip to finger tip. 

Today there are electronic devices for giving 
instant readings of the depth under the keel, but 
sounding with a weighted line is still used in some 
yachts and other craft without electronic aids. It 
was the usual method for all craft until well into the 
twentieth century. A sounding lead is a long heavy 
lead block attached to an ample length of line 
marked at intervals to indicate depths. The tradi- 
tional methods of marking used pieces of cloth, 
leather, and knotted cord. These different things 
were used so the leadsman could recognize each 
part by feel in the dark. He stood to one side of a 
vessel that was progressing through the water and 
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Fig. 12-1. A sounding lead, used on the end of а line for checking the depth of water. 
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heaved the line forward, with the line running out 
far enough, according to his judgement, to bring the 
vessel up to it when the lead hit the bottom. When 
the line was plumb, he read the depth from the mark 
showing on the line. There was a regular form of 
calling depths, so they could be understood even in 
the noise of wind and waves. Probably the best 
known call to Americans is “By the mark twain,” 
meaning by the mark for two fathoms. It was taken 
as a pen name by that famous Mississippi author, 
Samuel L. Clemens. 

Another guide to location is the type of bottom, 
which may be sand, mud, shingle, broken shells, or 
other materials. A sounding lead has a hollow bot- 
tom, which may be filled with tallow so some of the 
bottom material sticks to it and can be brought up 
and examined (Fig. 12-1). The type of bottom is 
marked on coastal charts, so the depth and the 
bottom material may give two pointers to where 
you are. 

The oceans are international waters and there 
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has been a move towards metrication that has been 
more rapid in most countries than in the United 
States. Consequently, most ocean charts have 
depths in meters and not fathoms. Our own coastal 
charts are moving the same way. Depths will be 
prominently marked in the margin of a chart, so 
always check that before using a new chart. A 
large-scale chart may have depths in feet or meters. 
An ocean chart may have depths in fathoms or me- 
ters. An inland chart may be in feet. 

Charts are produced like maps, with a wide 
border that carries a considerable amount of infor- 
mation, but there may not be a detailed legend on 
every chart. It is assumed that the user is familiar 
with the standard symbols. Latitude and longitude 
are more important to anyone afloat than to a person 
ashore, so divisions are given in more detail around 
the margin. At least one complete compass rose is 
printed on the chart, instead of the simple arrows on 
most shore maps. The reason will be seen later. 
Charts are printed on fairly stout water-resistant 
paper. Creases would be a nuisance, so most charts 
are supplied and stored rolled. Very large charts 
may be folded across once. 

In general, there are two broad divisions of 
charts. The deep-sea charts are intended for pro- 
fessional navigators. There are others more suit- 
able for amateur sailors. They have more color and 
special symbols to make chart reading simpler, 
particularly where inset plans of harbors help the 
user in popular small craft sailing areas. 

Of course, it is important that a chart is up-to- 
date. Hazards and navigational aids change. Charts 
are supplied through agents who correct any charts 
they sell, up to the time the customer takes them 
away. After that they offer a correction service, or 
the owner can obtain the notices of corrections and 
make the changes himself. Anyone doing more than 
just boating around a limited local area should make 
sure he has charts that are fully corrected. 


PUBLICATIONS 


The National Ocean Survey is responsible for the 
production of nautical charts, as well as aeronauti- 
cal charts and publications related to both of them. 


Charts are produced at many scales. Sailing charts 
with scales smaller than 1:60, 000 are used for plan- 
ning and navigation in open waters. General charts 
are from 1:150,000 to 1:60,000 scale and are in- 
tended for offshore navigation using visual and 
radar navigation aids as landmarks. Coastal charts 
are from 1:50,000 to 1:150,000, and these are the 
most widely used charts, intended for navigation 
near the shore, in inlets and bays, and some inland 
waters. Harbor charts are to scales larger than 
1:50,000 and give greater detail of smaller areas, 
such as anchorages and lesser waterways. 

Small-craft charts are to scales between 
1:10,000 and 1:80,000, and they show information 
needed by users of small craft, with tides and cur- 
rents, as well as marinas, shelter, and anchorages. 
Where the other charts are presented mostly in 
sheets, these may be bound for convenience in 
handling in the restricted space on small boats. 

There are books known as pilots that cover 
particular areas as supplements to the charts. They 
give detailed navigational information that could not 
be conveniently put on a chart. Anyone navigating 
on tidal waters needs tide tables, which give the 
forecast times of high and low water at many places. 
Another publication gives the movements of tidal 
streams at various states of the tide. If there is 
much rise and fall of the tide in a particular area, this 
information is important because the depths shown 
on the chart are to a mean water level, as indicated 
in the chart margin. There are places that dry out as 
islands at low water, yet at high water there is a 
good depth of water over them. 

Some charts are published commercially, 
often accompanying guide book information. Some 
of these publications are primarily advertising, al- 
though often very comprehensive. It is best to treat 
them as planning guides, but refer to official charts 
for actual navigation. 

The United States Coast Guard publishes sev- 
eral navigational aids. One of them is a lights list that 
gives details of all navigational lights in a particular 
area. 

For many lakes and rivers The Corps of En- 
gineers of the United States Army issues naviga- 
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tional information on the waters they control. 
Charts of the Great Lakes are government publica- 
tions. 

“Notices to Mariners” is a weekly publication 
giving corrections to charts and relevant publica- 
tions produced by all official agencies. 


CHART SYMBOLS 


The number of symbols used on charts is far greater 
than that used for maps of land areas. In a book on 
general mapping, it is impossible to show more than 
a few samples. Complete lists are available from 
the publishers of charts. Symbols are not normally 
shown as a legend on a chart because there are too 
many. 

Depths are shown by contour lines where that 
is possible, especially near coasts. The depth each 
line represents is inserted as a figure in the line—at 
every line, not only some of them, as on a land map 
(Fig. 12-2A). Other depths are shown by isolated 
figures (Figs. 12-2B). Away from the fairly even 
shoaling towards the coast, the bottom does not 


usually follow a sufficiently even pattern for lines to 
be shown. Remember that depths could be feet, 
fathoms, or meters and this will be stated some- 
where on the chart. The actual depth at a particular 
time will have to be found by making a conversion 
from a tide table. 

Anyone navigating at sea will need to know 
how to recognize dry land features as he approaches 
them. In most places, his most useful guides are 
manmade lights, lighthouses, daymarks, and simi- 
lar fixed things on which he can take bearings, or 
there may be floating buoys, which carry lights. 

Lights can be recognized because most of them 
do not show a steady beam, but may flash or other- 
wise break the sequence of dark and light in a timed 
pattern. Details are given alongside the symbol on 
the chart, as well as in a lights list. The symbol used 
is a dot for the actual position and a flare sign like an 
exclamation pointing at it (Fig. 12-2C). 

At the entrance to a harbor or the approach to a 
channel, a light may be arranged to show different 
colors at different angles of view. If you can see a 





Fig. 12-2. On a chart spot depths are marked. Attention is drawn to buoy and other positions with symbols. 
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white light you know you are on the correct course, 
but if you see red you are heading for danger and 
must change course until you see white. Other 
lights are obscured in some directions. Light lists 
show the angle of view, if that is not indicated on the 
chart. 

The flare is shown in a magenta color. Floating 
light aids to navigation are within magenta discs, 
but some old charts are not marked in this way. 

Buoys may be individually placed to mark an 
obstruction or the edge of a shallow area. They may 
be used at the sides of a dredged channel to indicate 
the bounds within which deep-draft vessels should 
keep. Most buoys are marked with a dot that indi- 
cates its position and a diamond shape pointing at it 
(Fig. 12-2D). If the buoy is black, the symbol is 
solid black. If it is red, the black outline of the 
diamond is filled with magenta. For other colors, 
the diamond is open and a letter indicating the color 
is inside it or alongside it. 

There may be top marks on buoys, and their 
special shapes are all indicated on the chart. Most 
navigational buoys carry lights, and these are ar- 
ranged to a timed light-and-dark sequence different 
from all others in the vicinity, so they can be iden- 
tified. A buoy may carry a bell ora fog signal. This is 
shown in words on the chart. Buoys usually carry a 
large number for identification, and this is shown at 
the symbol on the chart. 

Safe courses near the shore may be insured by 
using ranges. Marks are provided that have to be 
kept in transit (in line). For suitable positions 
ashore, there may be a high lighted mark some way 
inland and a lower one near the water. A navigator 
holding these in line knows he is keeping his vessel 
in the correct channel. There might be a similar 
arrangement with buoys to be kept in line, if shore 
marks cannot be used. Directions may be to keep 
other features lined-up, such as a tall chimney be- 
hind a distinctive house. 


BEARINGS 


As with finding your way ashore, you have to relate 
bearings as viewed on the actual terrain with com- 
pass directions on the map or chart. It is not usually 
feasible to set a chart with a compass in the same 


way as a map is set ashore. Instead, you have to 
read a bearing directly and transfer it to the chart, 
possibly inside a cabin, where you cannot see any- 
thing outside. You may have to do it the other way 
round, by getting a bearing from the map and con- 
verting it to the way the boat is headed, or the 
direction in which you expect to see a landmark. 

Most craft are navigated with a compass 
mounted rigidly in the boat so its lubber line is in 
line with the direction the boat is heading. The 
helmsman, who is usually directly behind it, keeps 
the boat on course by adjusting his steering to 
oscillating compass card so that the desired heading 
stays opposite the lubber line. In most craft, that 
compass stays there and is not used for taking 
bearings. Its location does not usually permit easy 
sighting across. In a few small craft, it is possible to 
put a sighting arrangement like an alidade across 
the steering compass and make sights over it, but 
that is unusual. 

It is more usual to have a separate handheld 
bearing compass. It can be any type, but quick and 
accurate readings are important. The boat may be 
moving through the water and probably rolling, so it 
is not a stable platform for working, like taking a 
similar sight ashore. The most convenient bearing 
compass allows you to sight through a prism and 
immediately read the bearing there from a liquid- 
damped card (Fig. 3-5). 

On the modern chart, there is at least one fairly 
large compass rose, marked in degrees. The outer 
circle of markings is in degrees (marked every 2 
degrees), with 0 at true north. Another inner circle 
is oriented on magnetic north (Fig. 12-3). The date 
of the drawing is indicated together with the annual 
changes. For utmost precision, the changes in 
magnetic north direction must be allowed for, but 
for short coastal trips they may be ignored, as 
errors in keeping the boat on coarse will be greater 
than any change in magnetic north. Visual sighting 
will allow corrections when you get within reach of 
your destination. 


INSTRUMENTS 


There are several ways of transferring a bearing to 
or from a compass rose on the chart. One way is to 
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Fig. 12-3. The standard compass rose on a nautical chart, used for obtaining bearings, using parallel rules. 
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use a drawing triangle sliding on a straight edge, or 
another triangle, arranged so one of its edges can be 
slid from the nearest rose to the point where the 
bearing is needed (Fig. 12-4A). There are long 
rules mounted on rollers that can be moved across 
the chart to transfer bearing lines in a similar way. 

Several devices for obtaining bearings on 
charts are based on protractors, where the arm or 
outer part can be moved round the calibrated disc. 
Charts have many meridians marked and a conve- 
nient one can be used to position the protractor so 
the other part can be moved through the position 
sighted and the angle read. That is based on true 
north and may have to be converted to magnetic, 
which is what the bearing compass will register. 

One simple aid is a large piece of transparent 
plastic marked with a large number of parallel lines. 
Its value is only apparent when it is big enough to 
cover both the position being plotted on the chart 
and a compass rose (Fig. 12-4B). If one line on the 
plastic sheet is put through the bearing on the com- 
pass rose, another line should be close enough to 
the plotted line position for it to be checked. 

Some other aids have the effect of bringing a 
compass rose to the plotting position. One is a large 
square protractor, with degrees around its edge and 

- a grid of squares over its main area (Fig. 12-4C). If 
it is large enough to cover the sighted object on the 
map and the expected position of the boat, it can be 
located by a meridian to set it correctly, using a grid 
line on it as a guide. The underside is matted and 
can take a pencil line, which may be erased later. 

A device that works in a very similar way is a 
station pointer, which has a central protractor to 
place in position and three arms which can be set to 
bearings (Fig. 12-4D). The applications of both de- 
vices is described later (Fig. 12-8). 

Parallel rules are the traditional chart instru- 
ment for transferring bearings on a chart (Fig. 
12-5). Two similar rules are joined with arms, and 
they have knobs for gripping. Lengths may be up- 
wards of 9 inches, but 18 inches is a useful length. It 
is possible to “walk” the rules across the chart for 
any distance, without losing the angle. Practice is 
needed, but one rule is held firmly while the other is 
lifted very slightly, and swung away from the first 


(Fig. 12-4E). That position is held firm while the 
other is swung up to it, and so on until one of the 
straight edges comes where you want it. 

Suppose you stand on deck and sight a light- 
house, which you can identify with your bearing 
compass. The reading is 245°. On the chart, you 
find the lighthouse symbol. Take a compass rose 
fairly close and put one edge of the parallel rules 
through that bearing (Fig. 12-4F). Walk the rules 
across the chart to get one edge through the symbol 
and draw a line (Fig. 12-4G). You have transferred 
the bearing sighted to the chart and know that your 
boat is somewhere on that line. 

Much coastal navigation or pilotage applies the 
technique you have just done. You have to do this 
efficiently and quickly, because the boat is moving 
through the water. In even a low-powered boat, you 
will have moved some way from where you took the 
sight if you spend a long time transferring the fix to 
the chart. 

Soft pencils are important navigation instru- 
ments. Do not use hard pencils or ball point pens on 
achart. Have a good eraser available. You may need 
to alter a line, and you will want to clear the chart of 
lines when you have completed your voyage. Lines 
which will not erase or the grooves caused by hard 
pencils may cause errors in later use of the chart. 

A chart is provided with a scale, in a similar 
way to shore maps, but distances are in nautical 
miles or meters. (A few charts of inland waters may 
be in statute miles.) Measuring on the chart is best 
done with dividers. Traditional dividers are fairly 
large and have friction joints, with most of the 
construction in bronze or other saltwater-resistant 
metal, and only the points are steel. Modern di- 
viders would be better in stainless steel. Simple 
school twin-point compasses or dividers could be 
used, but the friction joint should be smooth to 
allow both easy adjustment and the ability to stay 
firm when set. Spring-bow dividers can be used 
because they lock at any setting, but many of them 
do not have much movement. 

Most charts are arranged on Mercator projec- 
tion, in which scale distances get greater towards 
the poles. The difference is slight on local charts, 
but on a chart of a large area, the scale is made 
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Fig. 12-5. Parallel rules are used to transfer bearings on a chart. 


accordingly and draw up the side margin. Distances 
should be read from it at a point opposite the area 
concerned. 

Ifa distance is within the capacity of movement 
of the dividers and less than the chart scale, one 
setting is all that is needed (Fig. 12-6A). If the 
distance is greater, the dividers are set to a conve- 
nient distance and stepped along a line (Fig. 12-6B). 
Any difference to make up the distance is checked at 
the end. If the dividers are swung in arcs on oppo- 
site sides of the line (Fig. 12-6C), you can move 
them along alternate ways between finger and 
thumb of one hand. 


POSITION FINDING 


The simplest position finding method uses two 
known recognized objects, which may be marked 
points ashore or buoys afloat. Buoys are less reli- 
able because, although they are tethered to the 
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bottom, they move a little with the tide. You take 
bearings of both objects at one time, so there is no 
appreciable interval between sighting them. Then 
you use the parallel rules, or other device, to draw а 
line through the symbols on the map. Assuming 
perfection, you are exactly at the point where the 
lines cross (Fig. 12-74), or were at the time of the 
sighting. 

There are too many factors militating against 
perfection, so you have to assume you are in the 
vicinity of where the lines cross, but may be away 
from it by an amount you estimate for errors. It is 
better to get sights of three objects and draw three 
lines (Fig. 12-7B). Almost certainly the lines will 
not meet at a point. If it is only a small triangle 
where they cross, you can assume you are near the 
center, but if the triangle is large, it will be better to 
start again with three new sights that may show one 
or more of the first sights are slightly out. If you 





Fig. 12-6. Dividers are used for stepping off and comparing distances. 


have tried to plot your position because of a nearby 
danger, it is wiser to assume you are at the part of 
the ‘cocked hat’ triangle nearest to danger. 
Ideally, two sights will come at about 90° to 
each other and three sights at about 60° to each 
other. It is very unlikely that you will find such 
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angles, but these figures show you ideals to aim at, 
particularly if you have a choice of landmarks. If 
viewing angles are acute, it is difficult to ascertain 
exactly where two lines cross—on a small scale, 
two thick lines from a blunt pencil could give you an 
error of several miles. 


Fig. 12-7. Two bearings (A) are better with a third to confirm a fix (B), then a course can be set from that point (C). 
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When you have a fix in relation to the shore or 
buoys, you can check your position as you progress 
by dead reckoning. You know the course the 
helmsman is steering and either know from instru- 
ments or by estimation what the speed is, so you 
can plot the direction and progress from the known 
point, so long as that course is maintained (Fig. 
12-7C). This assumes your movement is unaffected 
by tide. Correction for tide is dealt with later. 

It is always better to plot your position from 
sights than to rely on dead reckoning, so bearings of 
located objects should be taken whenever an op- 
portunity occurs. Besides being good practice, a 
coastwise navigator should try to know as exactly 
as possible where he is at all times. Fog or mist is 
not then such a hazard, if you can set a course, 
knowing with reasonable accuracy the position from 
which you are starting. 

The method of getting a fix by reading bearings 
from a compass rose, either with parallel rules, a 
roller rule, or a lined plastic sheet can be modified if 
you have a large square protractor or a station 
pointer. These devices are particularly useful 
where the physical size of the part of the chart that 
concerns you is not large and where you are in a 
small craft with inadequate facilities for spreading 
the chart flat and working out bearings in comfort. 

Suppose you take bearings of two objects 
ashore. If you have a large square protractor, you 
can pencil the bearings on the matte underside and 
move the protractor so the grid lines are north and 
south according to a meridian, and the pencil lines 
project through the symbols of the sighted objects 
(Fig. 12-8A). Sighted magnetic bearings will have 
had to be corrected to true. Your position on the 
chart is where the center of the protractor comes. A 
small hole there allows you to pencil through. 
Better still, work with three bearings, if there are 
suitable features to be sighted. Maneuver the pro- 
tractor to get them on the pencil lines when the 
protractor is square to north/south lines. This will 
give you your position on the chart, with a degree of 
accuracy dependent on your reading of the bearing 
compass. As with the drawn sights that produce a 
small triangle instead of an exact cross, you may 
have to accept an average position if you cannot 
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match all three sight lines. Е 

With the station pointer you can get a greater 
coverage of the paper the chart is printed on, so it 
may be better suited to longer sight lines. With the 
three bearings, you set the moving arms to the 
readings around the protractor. Put the instrument 
over the chart and move it about until the lines on 
the arms are through the marked features sighted 
when the protractor has its north/south line the 
same way as a meridian drawn on the chart (Fig. 
12-8B). When you have done this, the center of the 
protractor is your position, and you can mark 
through to the chart, in the same way as with the 
square protractor. 

Instead of just taking bearings of two or three 
individual landmarks, it is helpful to look for possi- 
ble transits to use instead of one individual mark. 
The advantage of a transit is that it establishes a 
definite line for you to follow. Other bearings 
sighted then show where you are on that line, so 
reducing the risk of error to a position on a definite 
line instead of a triangle where you have to estimate 
the actual position. 

This could happen as you approach a harbor, 
where leading marks are set up for you to keep in 
transit as you enter. A sight of another object will 
tell you how far you are from the harbor, but you 
may be able to use other features when you are off a 
stretch of more open coastline. The chart may show 
you a radio mast some way back from the coast and a 
house much nearer. If you wait until these two are 
in transit and at the same time take a bearing of 
something else, you can plot an accurate position 
(Fig. 12-94). A third sighting at the same time will 
confirm it. 


RUNNING FIX 


In many situations, there are not many landmarks to 
use as you travel off a coastline. If there is only one 
mark you can identify ahead, there is a simple 
geometric method of finding your position with 
sights of it, depending on how accurately you can 
settle on your course direction and distance 
traveled. Take a sight of the mark and note the 
time. Note the angle between the line of sight and 
the course the boat is taking (Fig. 12-9B). Continue 





Fig. 12-8. Bearings may be transferred to a chart with a protractor or a station pointer. 





Fig. 12-9. A transit sight (A) gives an accurate line. Doubling the angle on the bow is a way of obtaining a position from one 
landmark. 
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on course until you can take another sight that 
shows double the angle of the first one (Fig. 12-9C), 
and note the time again. The distance you are from 
the mark is the same as the distance you traveled 
since the first sighting. From the speed of the boat 
and the time between sightings you can work out 
the distance (Fig. 12-9D). Of course, it is the dis- 
tance travelled over the bottom that counts. Dis- 
tance through the water will not be the same if there 
is much tidal or wind effect, and you may have to 
estimate how much these factors might alter the 
result. However, doubling the angle on the bow is a 
useful method as a rough guide when you cannot 
find marks to give a more precise position. If you 
can arrange the first sight at 45° to the course, the 
other sight at 90° will be directly abeam and easily 
observed. 

That method is a form of running fix. In 
another form, when there is only one mark on which 
you сап get a reliable sight, take a bearing and check 
the time. Draw the line on the chart with a note of 
the time (Fig. 12-10A). You need a point on this line 
as a start for working, so estimate where you are on 
the line, either from observation or from previous 
calculations and dead reckoning. Draw a course line 


through the point (Fig. 12-10B). Later, take 
another bearing of the mark, preferably when the 
difference between the two sightings is near 90° 
(Fig. 12-10C). From the time of this sighting and 
that of the other, calculate how far you have 
traveled and mark the distance on the course line 
(Fig. 12-10D). Draw a line parallel to the first sight 
through this mark, so it crosses the second sight 
line. That crossing is your position (Fig. 12-10E). 
Remember, your course line is based on an esti- 
mate and could be some way from your true course. 
This final transferred position is more accurate, and 
you could move to a new parallel course line to run 
through it, if your boat is to continue on the same 
course bearing. 


SEXTANT ANGLES 


When any vessel is navigated offshore, its latitude 
is found by observation of the sun and stars, using 
an instrument called a sextant, which is a device for 
measuring angles very accurately. Celestial navi- 
gation 1s outside the scope of this book, but if there 
is a sextant on board it can be used for measuring 
horizontal angles, instead of using a compass for 
bearings. There are certain limitations due to the 





Fig. 12-10. A running fix allows a position to be obtained from a single landmark. 
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instrument. Differences between bearing lines are 
best if kept greater than 30°, and three sights are 
necessary. In sighting, two objects have to be 
superimposed on each other in their mirror reflec- 
tions. That becomes difficult if their heights are 
very different. 

The results you get are the angles of two sights 
each side of a central one. A square protractor or a 
station pointer would be convenient for plotting. In 
this case, there is no reference to north/south 
lines. The 0° of the protractor goes through the 
central mark, and the instrument is moved to get 
the other bearings correct and to locate the sighting 
position at its center (Fig. 12-11A). 

A simpler way, but similar in principle, uses a 
pelorus, which is an arrangement of sights over a 
protractor base (Fig. 12-11B). Turn it so the 0° 
direction is sighted at the middle mark, then take 
and read sights each side of it of the other marks. 
Note the angles and transfer them to the chart, in 
the same way as using sextant angles. 

With a sextant and suitable tables it is possible 
to find the distance from objects of known height. 
Charts show how high the lens of a lighthouse is 
above sea level, and there may be heights given of 
other manmade or natural objects. If such an object 
is within view, you take its bearing and draw a line 
to match on your chart. Use the sextant to measure 
the angle between an observation of the top of the 
object and sea level (Fig. 12-11C). From the height 
and the angle you can read the distance away from 
the table. Measuring this to scale along the line on 
the chart gives you your position. Large craft have 
radar, which can be used to measure the distance 
and it is possible to use a rangefinder. Either, used 
with the compass bearing, will give you a fix. 


ELECTRONIC AIDS 


Much modem navigation at sea is done with the 
help of radio. Direction finding of special radio 
transmitters is used instead of visual observation of 
marks with a compass, but the principle is the 
same. It is also possible to read the range from a 
station, so plotting from one station will give a fix. 
Radio beacons transmit signals that are easily 
identifiable and serve in the same way as light- 


houses for visual navigation. Some operate from 
lighthouses. 

Direction finders are radio sets with vertical or 
other directional aerials or antennas, which can be 
turned while the operator listens with headphones. 
The direction finder is turned and the signal 
strength noted between zero and maximum. The 
bearing is read when the signal is brought down to 
zero, with progressive moments each side of it by 
reduced amounts. 


DRIFT 


The methods of navigation described so far assume 
that the boat is moving in still water, with no air 
movement. Unfortunately, both wind and water 
movement will affect the progress of a boat, so the 
actual passage over the bottom or between two 
shore points may be very different from what it 
seems to be on the surface. 

If the wind is directly ahead or astern of a boat, 
it should not have much effect on the direction of the 
boat’s progress, although it may slow or speed it. If 
the wind comes anywhere from the side, it will 
cause leeway. Persistent wind over the surface of 
the water may also cause the water to drift, but that 
is difficult to measure and is more a feature of open 
ocean than of waters closer inshore. 

A sailing craft has a deep keep to resist lee- 
way, but when it is sailing with the wind abeam it 
will be blown sideways to a limited extent, besides 
being driven forward by the wind. This also applies 
to a motor cruiser, particularly if it has a high 
superstructure. Relatively, leeway is greater and of 
more importance in the navigation of slow craft than 
of fast ones. With a high-speed planing boat, leeway 
might often be ignored. Most displacement craft, 
such as sailing yachts and fishing craft, often do no 
better than 5 knots (nautical miles per hour), and 
leeway may alter courses considerably. The error 
after a few hours would be serious if ignored. 

As a hull passes through the water, it leaves a 
wake. If the helmsman holds his course and notes 
the bearing of his compass, you can stand facing 
over the stern and sight with a bearing compass on 
the furthest part of the wake, to take its bearing. If 
you compare a reciprocal reading of this with the 
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Fig. 12-11. Alarge protractor allows a position to be plotted from bearings each side of acentral one (A). These sights could be 
with a pelorus (B). A sextant allows a distance off to be converted from a height angle (C). 


actual heading of the ship, you can find what the direction, its actual track is to one side of it (Fig. 
angle is between the wake and the course being 12-12B). 

steered (Fig. 12-12A). From this, you can see that If the course is altered so the wind comes at a 
although the ship is being steered in a particular different angle, or the wind itself shifts or changes 
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Fig. 12-12. The wake indicates a course different from the boat’s heading. 


in strength, the effect will differ, so any observation 
of leeway cannot be regarded as precise or effective 
for very long. If you are in any craft that is known to 
make considerable leeway, you must take it into 
account when laying a course. 


TIDAL CORRECTIONS 
Tides are affected by the moon. Not only does the 
water level rise and fall, but it moves horizontally, 
sometimes at quite high speeds. In most places, the 
times of high water are slightly more than 12 hours 





Fig. 12-13. A tidal stream across a course affects the boat's passage. 
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apart, with low water just after midway between. 
Tide tables tells you the forecast tide times. A tidal 
atlas shows you the relative direction and speed of 
the water at various states of the tide. If you are 
navigating in tidal waters, this information has to be 
taken into account when you lay off a course on the 
chart. You may know what the direct course is 
between your point of departure and your destina- 
tion, but the actual course steered may have to be 
quite different. It will not be the same at different 
times, if there is more than minimal tidal effect in 
the area. 

If youare crossing the tidal stream at about low 
water, and the trip is expected to take about 12 
hours, you may head for your destination and get 
there, but instead of travelling ina straight line, you 
will go sideways for about 6 hours and be swept 
back for another 6 hours. The greatest effect comes 
about halfway between high and low water (Fig. 
12-13А). 

If you are travelling with or against the tide, 
water movement will not affect direction, but it will 
affect speed or the distance covered in a given time. 
Along an average coast, the tide may make 3 knots, 
but if it is compressed between headlands it could 
reach 6 knots. If your boat is low-powered, you 
might not be able to make progress against it. By 
using the tide, you might travel about 30 miles with 
little use of power or even with little wind in your 
sails. If you tried to go the other way, you might be 
lucky to manage 10 miles in the same time. It is 
always advisable to wait and use a favorable tide. 

Problems come when your course is across a 
tidal stream. The course made good will be different 
from the way the boat is heading. 

In a simple example, suppose you are doing a 
ferrying trip across a stretch of water 10 miles 
wide, and your boat will do 5 knots. You expect the 
trip to take 2 hours (Fig. 12-13B). From the tide 
tables you see that the tide is about half-ebb, when 
the tidal stream will be averaging about 2 knots 
across your course. 

If you head straight across, by the time your 
5-knot boat has done 10 miles, the tide will have 
moved you sideways 4 miles, which is quite a long 
way from your destination (Fig. 12-13C). To allow 
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for that, you must set a course by that same amount 
towards the tide and hold that course by compass 
(Fig. 12-13D). Although your boat will be forging 
ahead through the water, the water is moving side- 
ways over the bottom, so you are moving crabwise 
across the channel in relation to the bottom (Fig. 
12-13E). 

In fact, the movement of water is also affected 
its friction against the bottom. Because of this, 
close to shore it does not move as fast as it does 
where it is deeper near the middle of the channel. 
Neither does it keep up a steady speed for long. You 
cannot take all these indefinites into account when 
laying a course, but when you are in the boat, 
practice will show you how to vary the course you 
steer to take advantage of probable variations in 
water movement. If there is a beam wind, you may 
also have to allow a few degrees for leeway, in- 
creasing the angle if wind and tide are together or 
decreasing if the wind is against the tide. 

With the different water speeds at different 
states of the tide, allowance for tides becomes 
complicated for a voyage of many hours. If possible, 
divide the cruise into stages, each of a few hours. If 
you are to be within sight of land, you can get your 
position at intervals by observing marks. Al- 
lowance for tides can then be corrected, and you 
start again with fresh calculations from a new de- 
parture point. 

Suppose you estimate that a crossing from one 
harbor to a buoy off another, about 20 miles away, 
will take about 4 hours under sail. The wind is on 
the beam, so you do not expect to have to tack (Fig. 
12-14A). From the tide tables and the tidal stream 
atlas, you see that the flow is diagonally across your 
course at about 1 knot for the first hour, increasing 
to 1% knots during the next hour, holding that for 
another 1 hour, and dropping to 1 knot for a fourth 
hour. This is obviously enough to affect your 
crossing. 

At any point on the chart draw a line in the 
same compass direction as your course. From the 
point representing the start, draw another line in 
the direction of the tidal flow (Fig. 12-14B). Decide 
on a scale—it could be 5 miles per inch, but any- 
thing will do. From the tidal speeds you can see that 





Fig. 12-14. A tidal diagram shows the course to take for the necessary correction. 


in the 4 hours you estimate to take crossing, the 
water will have moved 5 miles. Mark the 1 inch to 
represent this on the tidal line (Fig. 12-14C). Set 
your dividers to 20 miles (4 inches) and mark from 
the end of the tide line to a point on the course line 
(Fig. 12-14D). Draw a line to join these points. That 
is the course to steer. Get its bearing from the 
compass rose (Fig. 12-14E). If you keep the boat 
headed on that bearing you will closely follow the 
intended course, but your bow will be turned 
slightly towards the tide. 


INLAND WATERS 


Where inland waters are extensive, such as in the 
Great Lakes, charts and maps are very similar to 
those used around the coast. Navigation is also very 
similar, particularly on lakes large enough to take 
‘shipping of considerable size, and where it is possi- 
ble to be out of sight of the shore. Some symbols 
differ from those used on coastal charts, and there 
are specialized publications concerned with navi- 


gation, with which a boater should be familiar. For 
these waters, it is necessary to equip and deal with 
navigational problems as seriously as when going to 
sea, except that there are no tides to contend with. 

There are a great many other waters open to 
navigation. Charts are available for many lakes, 
some officially issued and others commercial publi- 
cations. What buoys there are and other marks to 
aid navigation may not conform to standards 
elsewhere, so the local chart and its legend should 
be consulted. Where the lakes are artificially 
dammed, they probably form part of a longer 
waterway, with locks for passing dams. In that 
case, the United States Army Corps of Engineers, 
or other authority, will provide river and lake navi- 
gation charts. A special route, which is affected by 
tides, but has much of the character of an inland 
waterway is the Intracoastal Waterway. 

River navigation charts tend to be to a fairly 
large scale, and made as a book, with a spiral metal 
binding to allow opening to bring the chart in use flat 
on top. The Ohio River Navigation Charts, issued 
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by the United States Army Corps of Engineers, has 
the charts on stiff paper, with each page about 8 
inches by 14 inches, carrying a section of the river 
to a scale of 1 inch to 2,000 feet. 

Charts are accompanied by a legend and 
explanatory notes. Symbols are particular to the 
river system and not the same as on nautical charts. 
The water is colored blue, with a black edge show- 
ing the normal level limits. Within the blue, another 
line backed with black dots shows where there is 
less than a 9-foot depth (Fig. 12-15A). Buoys are 
used to mark the navigable channel. A small circle 
marks the actual position, but a diamond shape 
draws attention to it, with black for can (black) and 
red for nun (red) buoys (Fig. 12-15B). If the buoy is 
lighted, there is a large red circle, with black at the 


A 


Water (blue) 


Depth less than 9 foot 


B 


Unlighted buoy 
- can (black) 


Unlighted buoy 
- nun (red) 


Lighted buoy 
- can (black) 


Lighted buoy 
- nun (red) 


C 


Daymark (red) 


D 


Gauge (red) 


center of it, if it is a can buoy (Fig. 12-15C). 

A light on the bank is also shown as a red circle 
with a black center. A daymark is a red triangle, but 
only marked that way if it is not accompanied by a 
light (Fig. 12-15D). Letters indicate the shape of 
the daymark. There is a code that shows the 
characteristics of each light. For instance “Gp. Fl. 
W, 5 sec., 2 flashes" means it is a group flashing 
white light, showing 2 flashes each of 5 seconds. 
Some lights may be fixed or arranged to flash at 
different rates, so they cannot be confused with 
other lights in the vicinity. Colors may be white or 
red on the left descending bank, white or green on 
the right descending bank. Gauges showing water 
level may be in the vicinity of a lock, and the arrival 
points for locking are indicated (Fig. 12-15E). 


Aerial crossing 


Launching ramp 


Dock, Marina 


Mooring facilities 


Bulletin board 


Intake 





Fig. 12-15. Inland waterways maps or charts have their own symbols. 
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Fig. 12-16. A section of a navigable river map showing the use of symbols. 


Other symbols are self-explanatory (Fig. 12-15F). 
A prominent broken red line shows the channel 
line for large craft, and an arrow indicates the di- 
rection of water flow. Mile posts are shown. Lights 
and daymarks are positioned where they can pro- 
vide guidance to the main channel. They come to- 
wards the outsides of bends where they can be seen 
from the approaching straighter parts (Fig. 12- 
16A). These, and the buoys, indicate the channel 
line, which is important to deep-draft vessels. 
Each section of map carries a north arrow and 
scale. As the sections are arranged so the river is 
across a page, their relevant compass directions 
vary as the river twists, so north on adjoining 
sheets may not be the same. Each section overlap is 
marked on the next by a match line across the river 
(Fig. 12-16B). Only enough shore details are given 
to indicate bridges and main urban areas, with 
tributaries and riverside docks. For further infor- 
mation on the surrounding country, the user needs a 
general map. Names of docks, bridges, and other 


marked places are listed and keyed to the map 
symbols with letters and numbers. 

Bridges are pictured on the backs of charts, 
with dimensions and clearances. Similar informa- 
tion is provided on aerial power crossings. All of 
this is important to operators of large craft, but the 
details provide recognition for those with smaller 
boats. 

Maps of the majority of rivers are prepared in 
similar ways. They provide very full navigational 
information, but the user should have topographic 
or other maps if he is to get the most out of his 
exploration of a river and its valley. 

In some cases, as when a lake or a river forms 
an extensive recreational area, a chart is produced 
with the main channel and its markers shown by the 
usual symbols. The rest of the lake and some of the 
surrounding land is given color and more detail, 
with underwater contours drawn and shaded. Ac- 
cess points and other information needed by recre- 
ational boatmen are shown, as they can use parts of 
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the water away from the main navigational channel. 
In that case, the chart shows all that may be needed 
by anyone approaching from the shore as well as by 
water, although the shore information does not go 
far back from the water. 

The map and chart work when navigating on 
inland waters is a straightforward extension of map 
and compass use as described throughout this book. 
There is much more to navigational and pilotage on 
tidal waters, but the foregoing information will 
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show how nautical charts and their interpretation 
differ from inland mapping ashore. 

Finding your way across oceans is very dif- 
ferent from travelling on land, particularly when 
entering the realms of celestial navigation, which is 
an interesting, complicated, and essential subject. 
Anyone intending to extend their interest into 
deep-sea navigation should study specialized 
books. This chapter is only intended to provide an 
introduction. 
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Care of Maps and Compasses 





APS ARE VALUABLE. IF YOU ARE IN NEED OF 
M a map and it is not there to be used, you 
cannot put a value on it in dollars. Besides that 
consideration, you may have marked a map to suit 
your needs, so a replacement would not be the 
same. You want to preserve your original map as 
long as possible. Map care requires common sense. 
This also applies to compasses and other navi- 
gational equipment. Fortunately, most of these 
things are fairly tough, but damage or loss could be 
serious. In the field, they should be protected from 
damage, yet be easily available for use. In storage, 
they should be kept carefully — steel and brass will 
corrode in a damp atmosphere. Many plastics get 
brittle if they become extremely cold. 


MAP FOLDING 


Some maps are supplied folded, but many topo- 
graphic maps are supplied flat or rolled. They are 
unsuitable for field use in that form, except for 
plotting your own survey for a special purpose, or 
for another use when the map could be temporarily 


mounted on a sheet of plywood. An unfolded map is 
the choice if you want to mount it on a wall for 
reference. In some cases you can specify if you want 
the map folded or flat, but many maps can only be 
obtained unfolded. They are mailed in a roll. 

Do not rush into folding a rolled map. It has 
probably been rolled for some time and become set 
in the curve. It will help to roll it the other way until 
it stays reasonably flat when you release it. Con- 
sider what size you wantthe folded map to be. If you 
have a map case, it must obviously fold to a size that 
will fit into it. If you do not have a map case and 
intend using the map uncovered, the size should be 
convenient to handle. Not covering the map will 
Soon cause it to become creased and curled at the 
corners. Folds will wear and surfaces will deterio- 
rate. It is better to give the map a plastic cover, 
which may be one of the transparent folders in- 
tended for filing papers. The folded map size should 
be less than 8 inches by 10 inches. 

If the map is small enough, it may come down 
to a suitable size if folded in four (Fig. 13-14). You 
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zig-zagged into more parts. 


Fig. 13-1. A map may be folded into four or 
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can then consult any of the four quarters easily, 
without having to open the map fully—two are al- 
ready outside, and you can put the other two outside 
by reversing a fold. 

When you have settled on the fold positions it 
helps to rub them down hard, so there are very 
positive creases that the map will automatically 
resume when you want to reduce its size. Much 
depends on the paper. You may get a hard enough 
fold with finger pressure, but the quality of paper 
used for most maps needs more pressure. Use a 
piece of wood (Fig. 13-1B), the handle of a knife, or 
anything firm, but preferably not metal, which could 
leave a dirty deposit on the paper. Whatever you 
use should have rounded edges. 

Many maps are too big to come down to an 
acceptable size by folding in four. If you further fold 
on four, you get extra thicknesses at the folds, 
which do not lay flat very well. You will have to fully 
open the map and reverse some folds if you want to 
use any of the inner surfaces. 

Concertina folding can bring a large map down 
to a reasonable size so any part can be examined 
without the need to fully open the map. It also 
avoids thick multiple folds that get unwieldly. Plan 
ahead so you do not put folds where they are not 
needed. Pencil marks on the boarders are advis- 
able. 

Fold the map across its center (Fig. 13-1C) 
with the printing outside, and rub the fold down 
hard. Fold each end alternate ways into an even 
number of panels, depending on the final width you 
want (Fig. 13-1D). Rub down the double thick- 
nesses, so when you push the parts together you 
get a tight close pad. This gives you a tall folded 
map. For convenience in stowing, fold it in half 
again (Fig. 13-1E), but this time do not rub down 
the folds. If you fold into six panels across, you can 
now open the map half-height and zig-zag it open to 
any panel, viewing whichever side you need, with- 
out at any time having to handle a package too big to 
control in a wind or protect from rain (Fig. 13-2). 

That map may be kept in a plastic cover or a 
map case when not being consulted. It can be turned 
so the panel you need is visible through a trans- 


parent cover. Alternatively, you might give the map 
its own protective card cover. Cut a piece of card 
large enough to extend over the folded map about 
¥s-inch all around and give it two flaps to glue to the 
map (Fig. 13-1F). Glue these to the back of the map 
edge so the cover extends and there is enough slack 
on the fold to close over the map without creasing 
it. This is best done with the map and cover fully 
closed. Put the whole thing under pressure to 
harden the folds and compress the map as much as 
possible. A title and any other details you wish to 
add on the cover completes the transformation to a 
good working map from one that was only suitable 
for display or surveying. The inside of the cover 
will take notes, or you could glue a note pad on it. 

In some other methods of folding, there have 
to be cuts along some fold lines. The advantage of 
this is that some parts can be folded back to show 
another surface, without moving other parts. The 
disadvantage is the weakening of the map. The 
paper may tear at the cut unless the map is backed 
with another piece of paper. This may be done in 
military mapping, where convenience is more im- 
portant than the long life of the map, but it is inad- 
visable for general map use. 

Maps that are cut into segments of the size that 
would be obtained by folding to a convenient size 
are obtainable. The segments are glued to a fabric 
backing, with slight gaps so the fabric will fold 
without creasing the paper of the map. This allows 
the vital surfaces of the map to remain flat. The gaps 
result in slight breaks in continuity of features that 
cross folds, so distances that run across cannot be 
scaled, and there may be difficulty in identifying 
some things that come just over cuts. Advantages 
tend to be outweighed by disadvantages, so this 
arrangement is rarely seen. Of course, one major 
disadvantage is the cost of production. 

Folding a map so its printed surface is inward 
may provide protection to the important part, but 
the sheet has to be opened fully for the map to be 
read. That may not matter if the sheet is small, but 
would be a nuisance with the majority of maps, and 
it is the more usual practice to fold with the working 
surface outwards. 
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Fig. 13-2. If a map is folded in half and then in a zigzag manner the other way, any part can be opened to view without opening 


the whole map. 


MAP CASES 

When a map is out of use, it may be given sufficient 
protection to put it in a pocket of a coat or pack, but 
corners will curl and surfaces may crease and be- 
come marked. With the amount of plastic film and 
sheet that is used for wrapping almost everything 
today, it is better to salvage some and wrap the map 
in plastic before putting it away. Even better is a 
stiffer plastic envelope or folder, probably origi- 
nally intended for filing office papers. If this is clear 
plastic, you can examine the map through it. 

If you want to mark your map, it helps if you 
provide a stiff backing. A floppy piece of paper in 
your hand will not encourage the accurate marking 
of courses. If you want to draw a straight line, the 
surface must be held flat. If the map is without a 
card cover, a piece of stiff card in the envelope with 
the map will serve as a simple drawing board. It 
could be double size and folded, then you can open it 
and it will be stiff enough if you hold it so lines are 
drawn across the direction of fold. 
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Map cases may be bought. They vary in com- 
plexity. The simplest type has a stiff back and a 
transparent plastic front, with a flap to close over 
the map. There is a cord to go around your neck. A 
typical size is about 10 inches square (Fig. 13-3). If 
obtainable, the size should be related to the folded 
size of your map. It is then possible to secure the 
map inside so it does not slide, and you can mark on 
the transparent cover instead of on the map. If the 
map can move, your marks would go out of register. 
A wax pencil will mark on the plastic surface, but 
you have to be careful not to rub marks off before 
you have finished using them. Soft pencil marks on 
the actual map are less liable to inadvertent re- 
moval. 

That type of case may be made entirely of 
plastic and is fairly light. For harder use, it is better 
to have a canvas cover. The military pattern is one 
version that has a protective flap over the trans- 
parent front, with divisions inside for carrying pen- 
cils, scales, and other instruments (Fig. 13-4). 





Fig. 13-3. A map case with a cord for hanging round the neck. 


There is a stiff backing and the case on its strap 
around your neck can be lifted horizontally and used 
like a drawing board in front of you, with what you 
need ready to hand. If you аге surveying the mapped 
land to lay out a competition course or to record 
some new features, this is a convenient way to 
carry map and instruments. If you are only carrying 
a map for occasional reference in navigation, the 
simpler case, or none at all, may serve. 

Maps in book form are convenient if you are 
travelling long distances. One of the many road 
atlases may serve you better than individual maps 
for motoring. One problem is balancing the ease of 
reading large pages against the convenience of car- 
rying and stowing a book with smaller pages. Large 
pages certainly make for simpler and quicker read- 
ing with greater accuracy, but can you stow some- 
thing, probably 11 inches by 16 inches? A map half 
the size, or less, will be easier to put ona shelf or in 
a glove compartment, but it may be more difficult to 
read and you may have to run over several pages, 
with a consequent greater risk of error. 

You will have to decide for yourself, but if 
there is a choice between limp and hard covers, it 
will probably be worth the extra cost to have hard 


covers for the greater protection of the maps. 
Against that you should note how often the atlas is 
revised. Roads and other features change. Maybe a 
limp cover will stand up to use long enough, if you 
ought to buy a new edition in a year or so. You may 
get two different editions in soft covers for the cost 
of one in hard cover. 


PRESERVING MAPS 


Nearly all maps are printed on paper. Some are on 
plastic or plasticised paper. Cheaper maps, par- 
ticularly state and similar maps, are on paper that 
has little resistance to damp or misuse. Better 
maps are on stouter paper, most of which has some 
resistance to damp. Nautical charts have even 
greater resistance to damp. 

If a map has to be used for exact measure- 
ments, it is important that the paper cannot expand 
and contract, or at least only restricted to the abso- 
lute minimum. That is one reason why better maps 
are damp-resistant. Untreated paper can vary in 
size considerably between its very dry state and 
when it has absorbed moisture from the atmosphere 
on a humid day. This could be as muchas a '4-inch in 
30 inches. When that is related to a small scale, the 
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Fig. 13-4. This canvas map case has the map under a plastic sheet and there аге compartments for instruments іп the cover. 


difference is more than enough to matter. 

If a cheap, untreated paper map becomes 
damp, there is not much you can do to return it to its 
original state. Mop off actual water. Do not try to 
dry it rapidly, as that will amost certainly cause it to 
wrinkle. If possible, put it flat between pieces of 
blotting paper and leave it to dry at normal temper- 
atures. When it is dry you can fold it along the 
original creases and press it under a weight or in a 
vise. It may be better to replace it. 

If the map is on water-resistant paper it is 
unlikely to be permanently damaged, if you can 
remove surplus moisture fairly quickly. Avoid ex- 
cessive heat, but leave the damp map to dry natu- 
rally. Much depends on the paper and printing, but 
you may be able to use a moderately warmed 
domestic iron over a piece of cloth to draw the final 
dampness out of the map. Water can also be drawn 
out of paper by wiping with a cloth soaked in al- 
cohol, but that might affect the printing ink. It could 
be used on the plain back of a wet map. 
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A map used in all conditions may get sand and 
grit within the folds. Quite a small amount of grit 
can damage the surface of the map a surprising 
amount if it is left to move about within the folded 
paper, so shake out a map if you suspect sand or 
other grit has got inside. When you get home, it 
may be advisable to wipe the surface with a slightly 
damp cloth before finally folding the map for stor- 
age. 

When a map is out of use, store it in the same 
way as you would a book. Standing on edge between 
books will keep folds tight and prevent corners 
curling. If you have pencilled on any map, use an 
eraser before putting the map away. If you get into 
the field later and find old pencil marks you do not 
want still there, you will probably not make as good 
a job of clearing them. 


CARE OF INSTRUMENTS 


Fortunately, compasses need little maintenance. 
The way a compass is made should allow it to be 


turned in any direction without the needle coming 
off its pivot. If the compass is liquid-damped, the 
chamber should be absolutely full of liquid. Some- 
times an air bubble develops. Providing it is small, 
it will not affect the performance of the compass, 
although you may regard the sight of the bubble 
moving about as disquieting. Air in the compass 
does not affect the way the needle points. Exces- 
sive air would reduce the damping effect and its 
swirling would further affect this, so the needle may 
gyrate more before settling on north. There is no 
easy way of removing the air and topping up the 
liquid. The liquid used is not the same in all com- 
passes. Usually it contains alcohol. (The com- 
passes on ocean-going sailing ships were topped up 
with gin.) Compass markers have their own choice 
of liquid, and it would be advisable to return a 
compass to the makers for topping up. At extremely 
low temperatures, a vacuum bubble may form, but 
that will clear itself as the temperature rises. 

A bearing compass, or a large one of traditional 
construction, has many parts of brass, with some 
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surfaces painted and others left bright. The bright 
parts were probably lacquered during manufacture, 
but lacquer will chip off if knocked. If a bare part has 
been left for some time it will usually have corroded 
to a green color. If only part of the lacquer has come 
off, you can rub the exposed part with fine abrasive 
(a domestic cleaning powder will do), then repolish 
it with any liquid metal polish. A suitable touch-up 
lacquer is clear nail polish, if you do not have a 
proper metal lacquer. If you need to repolish and 
relacquer an entire surface, it may be possible to 
chip off old lacquer with a knife, but you can soften 
and remove it with alcohol or nail polish remover. 

Many compasses are made of plastic, which 
does not have a very good resistance to abrasion. It 
may not matter if an opaque part of a case gets 
scratched, but if a transparent part becomes dulled 
due to abrasion or something sharp digging into it, 
visibility through it is impaired. It is possible to 
bring the surface to a clear state again, but that is 
done by wearing the surface away slightly. If it is a 
lense, that would affect its performance. On a flat, 





Fig. 13-5. Divider points should be kept sharp by rubbing on a whetstone. 
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clear piece of plastic the very slight distortion of the 
view through may not matter. This could apply to 
the base of a Silva compass or to the plastic cover- 
ing disc over the needle. 

If there is only a slight dulling of the plastic due 
to general abrasion in use, without contact with 
anything that severely roughened it, you can use 
any metal polish intended for silver. Rub it on with 
one cloth and polish it off with another clean one. If 
the abrasion is more than this will remove, use a 
polish intended for brass and get the surface as 
bright as you can. Make sure all traces of the brass 
polish is removed, then polish again with silver 
polish. 

If there is a scratch that goes very deep, it may 
be unwise to try to remove it completely because 
you will have to rub down the surface around it and 
thin the plastic. That would cause a distorted view 
and might weaken the material if not much thick- 
ness will be left. If the scratch is slight, you can 
treat it in the same way as general abrasion, with 
brass and silver polishes. If necessary, start with 
another abrasive. Pumice powder on a damp cloth 
will work quicker than brass polish. When that, or 
domestic scouring powder, has got down to the 
depth of the scratch, clean off and follow with the 
two grades of metal polish. There are some special 
polishes produced for plastics, which could be used 
instead of the suggested metal polishes. 

When a compass is out of use, it is best stored 
the right way up and away from iron and steel, 
although most compasses seem to survive un- 
harmed however they are kept. 

Scales and protractors need no special treat- 
ment, except to keep them clean and to avoid mis- 
using them. Do not be tempted to use a scale as a 
guide for a knife when cutting card. You want these 
instruments to be as clear as possible, sometimes 
in conditions far from ideal, so wipe them clean. 
Use a mild detergent if necessary. If the gradua- 
tions become indistinct, you can revive them by 
wiping over witha cloth soaked in black ink or paint. 
Follow this immediately with a clean cloth, prefer- 
ably wrapped around something flat, so it cleans the 
surface without going into the graduation impres- 
sions. 
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A mechanical pencil may be better than a 
woodcased one, but carry a small piece of 
sandpaper for rubbing a fine point on it. This can get 
very messy and mark other things. It helps to have а 
piece folded along its center, with the abrasive 
surface inside. Alternatively, glue a strip of 
sandpaper to a thin strip of wood and make a sheath 
for it to slip into—folded card held with adhesive 
tape will do. If you prefer a woodcased pencil, make 
sure you always have a knife for sharpening. 

Dividers and drawing compasses need stiff 
joints. Usually, the friction joint has a screw ad- 
justment. If not, there may be a rivet through, that 
will have to be hammered tight. Adjust the joints so 
they move smoothly throughout their range and 
stay put wherever you leave them. Dividers that 
cannot be relied on are a nuisance in the field. 

Divider points must finish level and be sharp. 
You cannot get an exact reading if a point is blunt 
and rounded, and for measuring short distances 
uneven projection will make setting difficult. Nee- 
dle points may be replaceable in some dividers, but 
these and fixed points can be sharpened on a 
whetstone (Fig. 13-5). Hold the divider leg diagonal 
to the stone and rotate it as you rub it along. If you 
have dividers with solid legs that come together 
with triangular points, your final sharpening may be 
with the legs closed and rolled as they rub along the 
stone. 

Having got the points sharp, protect them, so 
they do not get damaged and cannot cause damage. 
Pushing them into a cork is a simple treatment (Fig. 
13-6). Little pieces of plastic or rubber tubing 
pushed over the points can be used—insulation 
pulled off electric wiring will do. If the dividers 
push into a pocket in a map case, that may be 
sufficient protection. 

Oil and grease are substances you do not want 
to bring into contact with maps, but if you have any 
steel instruments that need protection, you can rub 
them with wax or a piece of candle, which will not 
be so messy. For steel in storage, you may place 
silica gel crystals or treated paper nearby to absorb 
any moisture from the air. Most modern steel in- 
struments are stainless, so they should not give any 
trouble. Some stainless steel is also non-magnetic, 





Fig. 13-6. Divider points may be protected by pushing into a cork. 


so anything made from it should not affect a com- 
pass. 

More advanced instruments, such as theodo- 
lites and sextants, come with their own lined boxes 
and obviously should be kept in them. They are 
precise measuring instruments, which are com- 
paratively delicate, and their accuracy must be pre- 


served by careful storage. 

Other instruments, such as parallel rules, sta- 
tion pointers, and homemade equipment like the 
plane table do not need much maintenance other 
than obvious care in storage. You cannot throw 
things aside until you need them and expect them to 
be ready for use. 
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—— Appendix A 





Map Suppliers 





T FOLLOWING LIST OF SUPPLIERS OF MAPS, 
atlases, and related publications is given as a 
guide to availability. In some cases, the address is 
of an agent, and not the publisher, who may not 
supply direct. 

The list does not include state publishers and 
agencies, but a comprehensive list of State Mapping 
Information Sources is available from the National 
Cartographic Information Center. 


United States Department of the Interior 
Geological Survey 
National Mapping Program 
Reston, VA 22092 
Topographic and many 
other maps. 


Send orders to: 
United States Geological Survey 
1200 South Eads Street 
Arlington, VA 22209 
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United States Geological Survey 
Branch of Distribution 

Box 25286, Federal Center 
Denver, CO 80225 


National Cartographic Information Center 
United States Department of the Interior 
Geological Survey 
507 National Center 
Reston, VA 22092 

Information on sources of all kinds of maps. List 
of state mapping information sources. 


Superintendent of Documents 
United States Government Printing Office 
North Capitol and H Streets, NW 
Washington, DC 20402 

Census, Civil War, treasure, Indian reserva- 
tions, national park system, transportation, weather 
maps, and some mapping books. 


United States National Ocean Survey 
Distribution Division (C-44) 
Riverdale, MD 20840 

Aeronautical charts, nautical charts, world 
maps. 


Defense Mapping Agency 
Topographic Center 
Attn: Code 55500 
Washington, DC 20315 
Arctic and Antarctic, foreign waters, time zones, 
and world maps. 


United States Forest Service 
Information Office, Room 3238 
Post Office Box 2417 
Washington, DC 20013 


National forest regions. 


United States Soil Conservation Service 
Information Division 
Post Office Box 2890 
Washington, DC 20013 
Soil survey maps. 


United States National Parks Service 
Office of Public Enquiries, Room 1013 
Washington, DC 20240 

National parks. 


United States Army AG Publications Center 
2800 Eastern Boulevard 
Baltimore, MD 21220 

Army mapping manuals. 


Rand McNally & Company 
Post Office Box 7600 
Chicago, IL 60680 

Road maps. 


United States Army Engineer District 
Corps of Engineers, Nashville 
Post Office Box 1070 
Nashville, TN 37202 
Cumberland River. 


United States Army Engineer District 
Corps of Engineers, Chicago 
219 South Dearborn Street 
Chicago, IL 60604 
Illinois Waterway to Lake Michigan. Mississippi 
River (upper). 


United States Army Engineer District 
Corps of Engineers, Vicksburg 
Post Office Box 60 
Vicksburg, MS 39180 
Mississippi River (Lower). 


United States Army Engineer District 
Corps of Engineers, Omaha 
6014 U.S. Post Office and 
Courthouse Building 
Omaha, NE 68102 

Missouri River. 


United States Army Engineer District 
Corps of Engineers, Louisville 
Post Office Box 59 
Louisville, KY 40201 
Ото River. 


Tennessee Valley Authority 
Mapping Services Branch 
111 Haney Building 
Chattanooga, TN 37401 
Tennessee River. 


Ordnance Survey 
Romsey Road, Maybush 
Southampton, S09 4DH 
England. 

English topographic and 
many other maps. 
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Appendix B 
Units of Measure 





1 statute mile = 1760 yards = 5280 feet 
1 nautical mile = 2026.8 yards = 6080 feet 


1 fathom = 6 feet 
1 meter = 10 decimeters = 100 centimeters = 1000 millimeters 


1 kilometer = 1000 meters 


Approximate conversions: 


1 millimeter = 0.0393 inch 
10 centimeters = 3.937 inches 
1 meter = 39.37 inches 
10 meters = 32.81 feet 
1 kilometer = 0.62 mile 
8 kilometers = 5 miles 


Equivalent Units of Angular Measure: 
1 degree = 1/360 circle = about 17.8 mils = about 1.1 grad 
1 mil = 1/6400 circle = 0.5625 degree = 0.0625 grad 
1 grad = 1/400 circle = 16 mils = 0.9 degree or 54 minutes 
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Glossary 





aerial mosaic—Pattern of overlapping photo- 
graphs taken from the air. 

aerial survey —Survey made by aircraft and based 
on photographs. 

aeronautical chart—Map intended for use in 
navigation of aircraft. 

aiming off—Plotting a course to one side of the 
final destination to make use of a feature that will 
lead in to it, in case of error. 

alidade—Sighting device used in surveying, con- 
sisting of sights arranged over a straight edge. 

altimeter—Instrument for measuring elevations 
or altitudes. 

Antarctic Circle—Line of latitude 6612? south of 
the equator. 

Arctic Circle— Line of latitude 6612? north of the 
equator. 

atlas — Book of maps. 

attack point—Identifiable position from which 
approach to destination can be made. 

azimuth — Bearing direction, normally in degrees. 


back azimuth — Directly opposite to the azimuth 
direction. A reciprocal bearing. 

base map— Ап outline map on which other maps 
can be based. 

bathymetry —Science of measuring water depths 
to produce chart of the bottom. 

bearing— The direction of one point from another 
as determined with a compass. 

bearing compass—A compass with sights so the 
compass bearing can be read at the same time as 
the object is sighted. 

bench mark—A relatively permanent mark used 
in surveying and mapmaking. 

bezel— The гіт of a watch or compass. 

binnacle— The stand for the compass used for 
steering a ship, usually containing gimbals to 
keep the compass level. 

boundary — Limit or dividing line shown on a map, 
but which may not be marked on the ground. 

boundary survey —Survey to establish the posi- 
tion of a boundary line on the ground. 
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boxing the compass—Reciting the traditional 
points of acompass, clockwise around the card. 


cadastral survey —Survey of boundaries in rela- 
tion to a register of land quantities, ownership or 
value. Property survey. 

card— The calibrated disc of a compass, particu- 
larly the type that revolves with the needle. 

cardinal points —N, S, E, and W onthe compass. 

carrying contours— Contour lines that run to- 
gether at a cliff or vertical face. 

cartography —Science and art of making maps. 

catching feature —Easily identified feature that 
is an indication that the intended destination has 
been missed. 

celestial navigation —Finding the way by using 
stars and sun, particularly in ocean crossings. 

chain— Unit of length equal to 66 feet. 

chart— Map intended for navigation at sea or in the 
air. 

clinometer—An instrument for measuring the 
percentage of slope, used to determine relative 
heights when used with a suitable table. 

closed traverse— Traverse that comes back to 
the starting point. 

cocked bat— The triangle of crossed bearing lines 
that may occur when plotting three bearings that 
do not coincide. 

compass—Instrument with a needle that points 
north. 

compass card — The calibrated disc of a compass, 
particularly the type that revolves with the nee- 
dle. 

compass rose— Drawn compass circle marked in 
degrees, particularly on a chart. 

conic projection —Map made from the develop- 
ment of a cone that touches a globe. 

contact flying— Flying within sight of landmarks 
on the ground. 

contour—A line on a map passing through places 
of the same elevation. 

contouring — Passing along a route at a constant 
elevation. 

contour interval— Difference in elevation be- 
tween two contour lines. 
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control—A point that must be visited in orien- 
teering. 

control card— Card carried in orienteering that 
must be marked at each control. 

control station— Point on the ground, with a 
known position, used as a base for surveying. 

conventional sign —Symbol on map. 

co-ordinates —Identifying lines on a map, such as 
latitude and longitude. 


datum — Reference point. 

dead reckoning — Computing progress from dis- 
tance and direction only. 

declination— The angular distance of a celestial 
body, used in celestial navigation. The angular 
difference between true and magnetic north at a 
particular point. 

deliberate offset —Intentionally set course to one 
side of destination. 

deviation — Compass error on a particular head- 
ing. 

dividers—Twin-pointed adjustable instrument 
used for comparing map distances with the scale. 

Douglas protractor—Large square protractor 
with a grid, used for position finding on a chart. 

drift— Tendency to move sideways, due to water 
or wind at sea. 


echo sounder— Electronic device for measuring 
depths from a boat. 

ecliptic— Apparent path of the sun around the 
earth. 

elevation— Vertical distance of a point above a 
datum. 

errors of parallax—Errors due to not looking 
directly over two lines that should coincide. 

estuary—A river mouth into which sea water can 
flow. 


fathom — Length of 6 feet. 

feature separation— The preparation of separate 
drawings during the preparation of a map. 

field— The area in which action takes place. 

field sketching— Making a map or sketch in the 
field. 


fix— Obtain a position on a map or chart as a result 
of taking bearings. 

flood plain—Land adjoining a stream or river that 
may be flooded when there is excessive water 
coming down. 

form line—Lines added between contour lines to 
help give an idea of the form of the land, but not 
at surveyed heights. 


gazetteer—List of places on a map, usually with 
references. 

geological map—Shows the composition and 
structure of geological features. 

getting a fix—Taking sights to plot a position. 

gimbals—Pivoted rings used to support a compass 
so it remains level when a vessel pitches and 
rolls. 

graphic scale—The scale printed in the margin of 
a map. 

grid—System of crossing lines, used for reference. 

grid reference—Numbered location obtained 
from the margin numbering of grid lines across a 
map. 


hatchure, hatching—Lines drawn as shading to 
indicate slopes. | 

hemisphere—Half the globe, usually divided at 
the equator. 

high water—The highest level reached by a tide. 

hypsometric map—Map showing relief by any 
means. 

hydrographic survey—Survey of a water area. 


intermediate contour—Contour line added be- 
tween the regular contours. 

International Date Line—The meridian of lon- 
gitude 180° from the meridian of Greenwich. 
index contour—The drawn contour line with an 

elevation figure shown on it. 
I.O.F.—International Orienteering Federation. 
isogonic line—Line joining points on the surface 
of the earth, which have the same magnetic de- 
clinations. 


knot—Nautical mile per hour. 


landmark — Маптайе or natural feature that can 
be used to determine a location in surveying or 
navigation. 

large-scale map— Map on a large enough scale to 
show considerable detail. 

latitude—Angular distance of a point north or 
south of the equator. 

layer tinting— Coloring a map to emphasize dif- 
ferences in elevation. 

lead line— Weighted line used for sounding the 
depth of water. 

leeway —Moving sideways through the water. 

leg— The distance or route from one point to 
another. 

legend—An explanatory list of symbols used on a 
map. 

line feature —Any feature that extends across a 
map. 

line survey —Survey based on a line of known 
position and length. 

liquid-damped compass— Compass in which the 
needle moves in a liquid that reduces its ten- 
dency to oscillate. 

lodestone—Ore containing iron and having 
magnetic properties. 

longitude—Angular distance of a point east or 
west of Greenwich. 

low water—The lowest level reached by a tide. 

lubber line —A mark on a compass bowl, particu- 
larly on a ship steering compass, indicating the 
heading, against which a reading can be taken. 


magnetic lines— Lines on an orienteering map 
pointing to magnetic north. 

magnetic north— The pole to which a compass 
points. 

magnetic azimuth— The direction towards the 
magnetic pole. 

map measure—An instrument for measuring 
distances on a map, usually by rolling along the 
route. 

map memory—The skill of remembering map 
detail, particularly valuable in orienteering. 

map projection —Method of using lines on a map 
to represent a corresponding system of imagi- 
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nary lines on the surface of the earth. 

master map—lIn orienteering, the map from 
which competitors extract information. 

mean high water—Tidal datum based on average 
high water levels. 

meridian—Great circle on the surface of the earth 
passing through the poles, so all points on it have 
the same longitude. 

Mercator’s projection—Method of projecting a 
map so latitude and longitude lines are square to 
each other. 

monument (surveying)—Permanent structure 
making the position of a survey point. 

mosaics—Assembly or aerial photographs. 


nautical mile—1 minute of latitude (6080 feet). 

navigable waters—Waters suitable for naviga- 
tion by craft of moderate size, usually for com- 
mercial purposes. 

neatline—Border between the map and its mar- 
gin. 

needle compass—Compass in which the cali- 
brated disc is in the bottom, or calibrations are 
on the rim and the needle alone is pivoted. 


offset course — Course to one side of the eventual 
destination. 

Ordnance Survey— Тһе British governmental 
publisher of maps. 

orientation (orient)—Establish a correct rela- 
tion of map, compass, and the part of the earth's 
surface concerned. 

orienteering—Sport combining map, compass 
and cross-country running. 

orienting a map—Setting a map the same way as 
the land it represents. 

orthophotomaps — Maps made of color-enhanced 
photographic images. 

overedge—A part of the map taken over the neat- 
line. 

overprint—Extra information printed over an 
existing map. 


parallel of latitude —Line parallel to the equator 
through all points having the same latitude. 

parallel rules—Linked rules used to transfer 
bearing between the compass rose on a chart and 
the points concerned. 
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panoramic sketch —Sketch made in the field to 
show an area pictorially. 

pelorus—Sighting instrument for getting relative 
bearings. 

photogrammetry —The obtaining of reliable 
measurements from photographs. 

photomosaic— Map formed with a pattern of ae- 
rial photographs. 

physical map—Map featuring elevations and 
natural features. 

pilotage — Navigation at sea within visual or radio 
contact of the shore. 

plain— Any area which is comparatively level. 

plan—A very large-scale map of a small area. 

plane table—Supported drawing board, used with 
a pelorus or compass for making a survey. 

planimetric map—Map showing only horizontal 
features and with no indications of relief. 

plat—Scale diagram showing information con- 
cerning the boundaries and subdivisions of a 
tract of land. 

plot—Mark on map the results of bearings and 
sights. 

point feature —In orienteering, a single recogniz- 
able feature. 

plumb line— Weighted cord, used to get an in- 
strument over a spot. 

political map—Map showing borders, towns, 
roads, and usually without contours and other 
physical features. 

pre-marked тар —lIn orienteering, a prepared 
map showing controls. 

prime meridian—Longitude 0° at the meridian of 
Greenwich, England. 

protractor—Instrument used for measuring de- 
grees. 


quadrantal points—NE, SE, SW, NW, onacom- 
pass. 

quadrangle—Four-sided area bounded by me- 
ridians of longitude and parallels of latitude. 

quadrangle map—Geological Survey map based 
on a quadrangle and described in minutes or 
degrees. 


radio direction finder—Radio set used for find- 
ing the direction of the transmitting station. 


reciprocal bearing—Direction opposite to a 
bearing: 180° more or less. 

relief—Heights and hollows of land or the sea 
bottom. 

relief shading—Emphasizing relief by adding 
shadow effects. 

representative fraction—The scale of a map ex- 
pressed as a fraction relating distance on the map 
with distance on the ground. 

road map—Any map primarily concerned with 
roads and towns, particularly intended for 
motorists. 

roamer—Device for measuring intermediate dis- 
tances in a grid system. 

runability—In orienteering, method of showing 
ease of passage on parts of a map. 

running fix— Method of getting a fix from a single 
shore object, on a course passing it at sea. 


scale—Relation between a distance on a map and 
the distance it represents on the surface of the 
earth. 

scale rule—A rule marked to suit the scale of a 
map. 

sea level—Height of the sea, which varies with 
tides. 

section—Unit of subdivision of a township. Cut 
through contour lines showing rise and fall verti- 
cally. 

segmented map— Map cut into sections and glued 
to a fabric backing. 

setting a map—Arranging a map in the same di- 
rection as the part of the surface of the earth it 
represents. 

sextant—Instrument for measuring angles, par- 
ticularly of celestial bodies when navigating a 
ship. 

sighting compass—A bearing compass, where 
the bearing can be read at the same time as the 
sight was taken. 

sketch map—Freehand map, drawn as a rough 
guide or as a preliminary to a survey. 

small-scale map— Map of a large area at a scale 
that does not permit much detail. 

sounding— Finding the depth of water at a par- 
ticular point. 

spot elevation — Point on a map where a specific 


height is noted. 

station pointer—Instrument based on a protrac- 
tor, having three arms that can be set when 
plotting a position from landmarks on a chart. 

steering mark — Point ahead and on course, which 
can serve as a guide to direction. 

supplementary contour— Contour drawn be- 
tween two normal contour lines to provide addi- 
tional information on elevations. 

survey —Obtaining information that will be used in 
making a map. 

symbols— Conventional signs used to indicate 
features on the surface of the earth. 


templet— Alternative name for a roamer. 

terrain— Tract of land. 

theodolite —Surveying instrument for measuring 
angles. 

tide— Periodic movement of the water at sea, in- 
volving horizontal movement as well as a rise 
and fall. 

topographic тар— Мар presenting the vertical 
as well as the horizontal positions of the features 
shown. 

town plan—Large-scale map showing streets and 
other details in a town. 

transit— бе пр two landmarks in line to establish 
a position line. A special type of theodolite. 

traverse—Surveying by taking bearings and dis- 
tances between a series of points. 

triangulation —Surveying by taking bearings and 
distances in the form of triangles. 

trig point —A bench mark: abbreviation of 
trigonometrical point. 

Tropic of Cancer— Parallel of latitude 23/29N. 

Tropic of Capricorn — Parallel of latitude 23%95. 


universal Mercator grid — Worldwide system of 
grid references. 


variation—Angular difference between true and 
magnetic north. 

vertical datum — Base from which vertical control 
stations are measured. 


world geographic reference system— 
Worldwide position reference system, primarily 
used on aeronautical charts. 


241 





A 
Aerial photographs, 173 
Aeronautical charts, 177 
Aids, electronic, 217 
Aids, estimating, 150 
Alidade, 160 
Antarctic Circle, 64 
Arctic Circle, 64 
Atlas, 4 
Auxiliary contours, 135 


B 
Bearings, 207 
Big Dipper, 34 
Binnacle, 28 
Boundaries, 11 

C 


Carrying contours, 49 
Catching feature, 143 
Centigrads, 27 
Centisimal minutes, 27 
Chart, 75 

Chart, mileage, 96 
Charts, aeronautical, 177 
Charts, nautical, 203 
Chart symbols, 206 
Clinometer, 169 
Closed traverse, 160 
Compass, 133 
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Index 


Compass, orienting with a, 81 
Compass, positioning by, 84 
Compass adjusting, 35 
Compass area survey, 164 
Compass directions, 26 
Compasses, 110 

Compasses, care of, 225 
Compasses, simple, 25 
Compass or map, without, 130 
Compass plant, 35 

Contour heights, 47 

Contour lines, 4, 46 
Contouring, 143 

Contours, interpreting, 52 
Contours, water, 58 

Contours affected by water, 53 
Course made good, 220 
Courses, offset, 116 


D 
Dead reckoning, 125 
Degrees, 64 
Detours, 116 
Deviation and errors, 30 
Direction finders, 217 
Directions, 24 
Distances, 137 
Drift, 217 


Elevation, 3 





Elevations, 90, 169 
Equator, 62 
Errors and deviation, 30 


Expedition planning, extended, 124 
Expedition planning, simple, 122 


F 
Field work, 111 
Fix, 77 
Fix, running, 214, 216 
Forest maps, 181 
Forest visitors map, 14 
Form lines, 135 


G 
Geographic coordinates, 62 
Gimblas, 28 
Globe, 2 
Grads, 27 
Great Bear, 34 
Greenwich, England, 3, 64 
Grid references, 68 
Grids, 66 


Hatches, 49 
Hatching, 61 

Height indications, 60 
Height landmarks, 56 
Heights, 46 

Historic maps, 182 


Historic maps, modern, 183 


1 
Index contour, 48 
Instruments, 207 
Instruments, care of, 230 
International Date Line, 64 


L 
Landmarks, height, 56 
Landmarks, intermediate, 114 
Landmarks, setting by, 77 
Latitude, 2, 62, 65 
Latitude, parallels of, 62 
Legend information, 94 
Legends, 7 
Line survey, 152 
Lodestone, 24 
Longitude, 3, 64, 65 
Lubber line, 28 


M 
Magnetic north, 30 
Map, enlarged river, 171 
Map, forest visitors, 14 
Map, physical, 1 
Map, political, 1 
Map, road, 88 
Map, setting a, 75, 137 
Map, what is a, 1 
Map cases, 228 
Map colors, 7 
Map folding, 225 
Mapmaking, 147 
Mapmaking, professional, 173 
Map measuring, 19 
Map memory, 146 
Map or compass, without, 130 
Maps, 134 
Maps, base, 175 
Maps, care of, 225 
Maps, census, 189 
Maps, detail sketch, 148 
Maps, folded and cased, 86 
Maps, forest, 181 
Maps, historic, 182 
Maps, land-use, 187 
Maps, large-scale, 3 
Maps, military, 186 
Maps, modern historic, 183 
Maps, political and physical, 176 
Maps, preserving, 229 
Maps, raised, 190 
Maps, recreational, 177 
Maps, relief, 3 
Maps, small-scale, 3 
Maps, special, 175 
Maps, symbols on, 13 
Maps, topographic, 109 
Maps, waterway, 203 
Maps, worldwide special, 190 
Maps in the universe, 200 
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Mercator projection, 71 
Meridians of longitude, 2, 64 
Mileage chart, 96 

Military maps, 186 
Milligrads, 27 

Mils, 28 

Minutes, 64 


N 
National Ocean Survey, 205 
Nature, using, 34 
Nautical charts, 203 


Needle compass, setting with a, 83 


North, magnetic, 30 
North, true, 30 


0 
Orienteering, 132 
Orienteering equipment, 133 
Orienteering events, 139 
Orienting by the stars, 84 


Р 
Parallax, errors of, 28 
Parallel rules, 209 
Parallels of latitude, 2, 62 
Photogrammetry, 174 
Pelorus, 40 
Photographs, aerial, 173 
Physical map, 1 
Plan, 1 
Plans, town, 5 
Plotting a position, 86 
Plow, 34 
Plumb line, 164 
Pointers, 34 
Political and physical maps, 176 
Political map, 1 
Position, estimating, 80 
Position, locating, 79 
Position, plotting a, 86 
Position finding, 212 
Positioning by compass, 84 
Profiles, 58, 59 
Projections, 2, 70 
Proportions, 18 
Protractors, 39 
Publications, 205 


R 
Ranges, 207 
Reciprocal bearing, 39 
Relief maps, 3 
River map, enlarged, 171 
Road, setting with a, 75 
Road map, 88 
Roads, 91 
Road symbols, 8 
Rosin weed, 35 
Route, choice of, 99 
Route finding, simple, 97 
Route planning, distant, 103 


Routes, alternative, 99 


5 
Scale, 89 
Scale indications, 18 
Scale proportions, 4 
Scales, 6, 15, 135 
Seconds, 64 
Setting a map, 137 
Sextant, 216 
Sextant angles, 216 
Shaded relief, 61 


Signs and symbols, conventional, 6 


Silphium laciniatum, 35 
Slope indications, 59 
Southern Cross, 34 

Spot elevations, 52 

Spot positioning, 125 

Stars, orienting by the, 84 
Stars, using, 34 

Station pointer, 209 
Steering marks, 117 
Stereoscopic effect, 174 
Structures, 10 

Sun, directions from the, 31 
Sun, orienting by the, 83 
Survey, compass area, 164 
Survey, plane table area, 162 
Survey, plane table road, 159 
Survey, roadside, 154 
Survey map, 5 

Symbols, 6, 135 

Symbols, road, 8 

Symbols on other maps, 13 


T 
Tidal corrections, 219 
Top marks, 207 
Topographic maps, 109 
Town plans, 5 
Town plans, interpreting, 106 
Traverse, closed, 160 
Traverses, 160 
Tropic of Cancer, 63 
Tropic of Capricorn, 63 
True north, 30 
True scale, 2 


U 
United States Geological Survey, 4 
Universal Mercator Grid, 68 


V 
Variations, noting, 81 
Vehicle navigation, 127 


ү 
Water, 10 
Water, contours affected by, 53 
Water contours, 58 
Waters, inland, 221 
Waterway maps, 203 
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Other Bestsellers of Related Interest 


THROUGH THE TELESCOPE: A Guide for the 
Amateur Astronomer—Michael R. Porcellino 

Through the Telescope is an open invitation to 
explore our universe. This book and an amateur astro- 
nomical telescope are all you need to meet the multitude 
of stars, nebulae, and deep-sky objects that can be seen 
on a dark, clear night. Porcellino guides you on a tour of 
the Moon, where you’ll visit craters, mountains and 
rilles, and learn to identify them by their unique fea- 
tures. Next you'll move out to the satellites of Jupiter, the 
rings of Saturn, and even the Sun. 352 pages, 217 illus- 
trations, Book No. 3159, $18.95 paperback, $26.95 
hardcover. 


SO YOU THINK YOU'RE SMART—150 Fun and 
Challenging Brain Teasers— Pat Battaglia 

Put on your thinking cap and delve into this delight- 
ful book of "brain games." These games are easy to 
understand, uncomplicated, and strictly nontechnical 
(no mind-boggling math!). There are no trick ques- 
tions—all the puzzles are completely straightforward and 
logical. Most of these brain teasers are word games; a 
few involve elementary logic, but most of them just 
require good common sense. 96 pages, 43 illustrations, 
Book No. 3106, $7.95 paperback, $14.95 hardcover. 


THE BEGINNER'S GUIDE TO FLYING 
ELECTRIC-POWERED AIRPLANES 
—Douglas R. Pratt 

Join the fastest-growing segment of the radio- 
control sport flying hobby—electric-powered airplanes! 
More and more flyers are discovering the advantages of 
clean, quiet electric power, and this book can help you 
make that discovery too. Pratt provides all the informa- 
tion you need on selecting, building, and flying these 
high-performance machines. He tells you what’s needed 
in the way of motors, radios, control systems, chargers, 
and batteries, and how to get the most out of your model. 
128 pages, 93 illustrations, Book No. 3451, $12.95 
paperback only. 


MIKE McCLINTOCK’S HOME SENSE CARE 
AND REPAIR ALMANAC—Mike McClintock 

This is the owner’s manual that should come with 
every house. McClintock is well known for his magazine 
and newspaper columns, radio program, and guest 
appearances on television talk shows, where he obliges 
his audiences with straight talk about home mainte- 
nance, improvement, remodeling, and repair. In this 
comprehensive guide, he supplies a compendium of time 
and money-saving advice, and tips on a variety of home- 
ownership topics. 480 pages, illustrated, Book No. 
3149, $19.95 paperback, $29.95 hardcover. 


ALARMS: 55 Electronic Projects and Circuits 
—Charles D. Rakes 

Make your home or business a safer place to live 
and work—for a piece you can afford. Almost anything 
can be monitored by an electronic alarm circuit—from 
detecting overheating equipment to low fluid levels, 
from smoke in a room to an intruder at the window. This 
book is designed to show you the great variety of alarms 
that are available. There are step-by-step instructions, 
work-in-progress diagrams, and troubleshooting tips and 
advice for building each project. 160 pages, 150 illustra- 
tions, Book No. 2996, $12.95 paperback only. 


FRAMES AND FRAMING: The Ultimate Illustrated 
How-to-Do-It Guide—Gerald F. Laird and 
Louise Meiére Dunn, CPF 

This illustrated step-by-step guide gives complete 
instructions and helpful illustrations on how to cut mats, 
choose materials, and achieve attractively framed art. 
Filled with photographs and eight pages of full color, 
this book shows why a frame's purpose is to enhance, 
support, and protect the artwork, and never call attention 
to itself. You can learn how to make a beautiful frame 
that complements artwork. 208 pages, 264 illustrations, 
Book No. 2909, $12.95 paperback only. 


STRIP QUILTING—Diane Wold 

Diane Wold is an expert quilt-maker and her enthu- 
siasm for the art of strip quilting is contagious. After 
introducing you to the tools, fabrics, techniques, and 
sewing methods used in strip quilting, she covers all the 
steps needed to complete a finished project including 
making borders, backing, using batting, basting, doing 
the actual quilting, and binding. You’ll also find direc- 
tions for using different types of patterns—multiple 
bands, one-band shifted patterns, and more. 184 pages, 
165 illustrations, Book No. 2822, $13.95 paperback 
only. 


FARMSTEAD MAGAZINE’S GUIDE TO ANIMAL 
HUSBANDRY — Editors of Farmstead Magazine 

Here’s a goldmine of information for homesteaders 
raising a single cow or goat for their own use . . . or the 
small farmer using his animals as a source of income. 
Just some of the other topics covered in this incredibly 
comprehensive sourcebook include: Beekeeping, raising 
rabbits for fun and profit, how to buy and care for a 
horse, and the tricks of raising guinea birds, even advice 
on controlling insect pests. 168 pages, 20 illustrations, 
Book No. 2764, $10.95 paperback only. 


YEAR-ROUND CRAFTS FOR KIDS 
—Barbara L. Dondiego 
Illustrated by Jacqueline Cawley 

Easy to use, the handy month-by-month format pro- 
vides a year of inspiring projects, many focused on sea- 
sonal themes to ensure young children’s enthusiasm. 
Valentines, paper airplanes, and cookies for Easter, 
paper bag bunny puppets, string painting, Hanukkah 
candles and gingerbread boys, bell and candle mobiles 
and of course Christmas trees for December are just a 
few of the fun things to make. 256 pages, 180 illustra- 
tions, Book No. 2904, $12.95 paperback, $19.95 hard- 
cover. 


THE FIBERGLASS REPAIR AND 
CONSTRUCTION HANDBOOK —2nd Edition 
—Jack Wiley 

Jack Wiley adds to an already exceptional manual in 
this second edition. Easy to follow, this guide takes you 
from choosing your tools through the final touches on 
simple and complex projects. Absolutely no prior expe- 
rience is required. Step-by-step instructions cover every- 
thing from materials selection to the final lamination 
process and safety precautions. The author includes 
practice exercises on how to work with glass cloth, mat, 
core materials, and resins before starting you on repairs 
or the customizing of a boat or car. 288 pages, 303 illus- 
trations, Book No. 2779, $14.95 paperback only. 


BUILD YOUR OWN WORKING FIBEROPTIC, 
INFRARED AND LASER SPACE-AGE _ 
PROJECTS-— Robert E. Iannini 

Here are plans for a variety of useful electronic and 
scientific devices, including a high sensitivity laser light 
detector and a high voltage laboratory generator (useful 
in all sorts of laser, plasma ion, and particle applications 
as well as for lighting displays and special effects). And 
that's just the beginning of the exciting space age tech- 
nology that you'll be able to put to work! 288 pages, 198 
illustrations, Book No. 2724, $16.95 paperback only. 


BUILDING METAL LOCATORS: A Treasure 
Hunter's Project Book—Charles D. Rakes 

If you've dreamed of discovering a buried treasure— 
stop dreaming and open this guide packed with every- 
thing you need to get started building an exciting, 
low-cost alternative to expensive commercially made 
metal locators. The detectors included here will locate 
anything from coins and jewelry to gold and silver and 
can be built by any electronics enthusiast with the ability 
to follow schematic diagrams. 126 pages, 102 illustra- 
tions, Book No. 2706, $15.95 hardcover only. 


HOW TO BE А HAM—3rd Edition 
—W. Edmund Hood 

Completely revised, this guide will bring you up to 
speed on all the latest innovations in operating practices 
and equipment availability, as well as the newest FCC 
rules, regulations, and licensing requirements. Find out 
about the basics of radio electronics and antenna theory, 
pipelines, setting up your first radio “shack,” effects of 
weather on transmission, the fundamentals of wave 
propagation, and more! 320 pages, 95 illustrations, 
Book 2653, $13.95 paperback only. 


COSMOLOGY: The search for the Order of the 
Universe— Charles J. Caes 

Was there really a “Big Band” that created our uni- 
verse? How many stars exist in the universe at any one 
moment? These are just a few of the many mysteries of 
our universe that are explored in this tantalizing look at 
man's ongoing search for an understanding of cosmic 
order. This is a selection that no one interested in astron- 
omy, cosmology, cosmogony, or astrology should miss! 
192 pages, 24 illustrations, Book No. 2626, $10.95 
paperback only. 


THE COMPLETE BOOK OF HOME WELDING 
—John Todd 

Highlights new arc welding equipment and single- 
phase wire feeders that greatly simplify the welding 
process and make it feasible for even novice do-it- 
yourselfers. The author provides actual step-by-step 
welding projects complete with detailed illustrations that 
make even complicated welding projects amazingly easy 
to perform. Just a few of the things you’ll be able to con- 
struct and repair include garden carts, car racks, trailers, 
spiral staircases, and more. 498 pages, 464 illustrations, 
Book No. 2717, $19.95 paperback, $29.95 hardcover. 


A MASTER CARVER’S LEGACY—essentials of 
wood carving techniques—Brieuc Bouché 

Expert guidance on the basics of wood carving from 
a master craftsman with over 50 years experience. All 
the techniques for making a whole range of woodcarved 
items are included. You’ll learn how-to’s for basic chip 
carving, the basic rose, cutting of twinings, a classic 
acanthus leaf, and a simple carving in the round. In no 
time at all you will be making many of the projects fea- 
tured. 176 pages, 135 illustrations, Book No. 2629, 
$24.95 hardcover only. 


PARTICLES IN NATURE: The Chronological 
Discovery of the New Physics—John H. Mauldin 

If you’re interested in physics, science, astronomy, 
or natural history, you will find this presentation of the 
particle view of nature fascinating and informative. This 
guide makes particle physics seem less abstract—it 
shows significant spin-offs that have resulted from 
research done, and gives a glimpse of future research. 
304 pages, 169 illustrations, Book No. 2616, $16.95 
paperback only. 


THE METALWORKER’S BENCHTOP 
REFERENCE MANUAL —Joseph W. Serafin 

This one-stop, ready reference contains all the infor- 
mation and instructions on metalworking that you need 
to complete any metalworking endeavor. By illustrating 
new approaches and unusual machining methods it will 
help you solve practically any metalworking problem 
you encounter. The ideal answer book for anyone inter- 
ested in the craft of metalworking, as well as for those in 
the profession, this all-encompassing sourcebook covers 
techniques for working with all types of metals. 320 
pages, 360 illustrations, Book No. 2605, $16.95 paper- 
back, $25.95 hardcover. 


TIME GATE: Hurtling Backward Through 
History—Charles R. Pellegrino 

Taking a new approach to time travel, this totally 
fascinating history of life on Earth transports you back- 
ward from today's modern world through the very begin- 
nings of man's existence. Interwoven with stories and 
anecdotes, and illustrated with exceptional drawings and 
photographs, this is history as it should always have been 
written! It will have you spellbound from first page to 
last! 288 pages, 142 illustrations, Book No. 1863, 
$16.95 paperback only. 


WORKING WITH ACRYLIC PLASTICS: Including 
77 Projects—Jack Wiley 

Learn to make practical and attractive items out of 
plastic—an inexpensive and readily available material 
that is amazingly simple to work with. Now with these 
easy-to-follow instructions and show-how illustrations, 
you can learn to create all kinds of useful and decorative 
items from acrylic—home accessories, gifts, jewelry, 
art, furniture, dishes, and more! 256 pages, 328 illustra- 
tions, Book No. 1959, $11.95 paperback only. 


COMETS, METEORS AND ASTEROIDS: 
How They Affect Earth—Stan Gibilisco 

Information on meteors, asteroids, and other related 
space phenomena is all here for the taking. It includes a 
spectacular eight-page section of color photos taken in 
space. Packed with little-known details and fascinating 
theories covering history's most memorable comets— 
including Haley's Comet—the origins of the solar sys- 
tem, and speculation on what may happen in the future. 
224 pages, 148 illustrations, Book No. 1905, $14.95 
paperback only. 


333 MORE SCIENCE TRICKS AND 
EXPERIMENTS Robert J. Brown 

Now, a second big collection of science "tricks" 
and demonstrations from the author of the popular syn- 
dicated newspaper column, Science and You! Designed 
to make learning basic scientific principles exciting and 
fun, this is an ideal sourcebook for parents, teachers, 
club and scout leaders . . . and just about anyone who's 
fascinated with the wonders of scientific and natural phe- 
nomena! 240 pages, 213 illustrations, Book No. 1835, 
$10.95 paperback, $16.95 hardcover. 


333 SCIENCE TRICKS AND EXPERIMENTS 
—Robert J. Brown 
“‘Well-described and aptly illustrated.”’ 
—New Technical Books 

Here is a delightful collection of experiments and 
“tricks” that demonstrate a variety of well-known, and 
not so well-known, scientific principles and illusions. 
Find tricks based on inertia, momentum, and sound 
projects based on biology, water surface tension, gravity 
and centrifugal force, heat, and light. Every experiment 
is easy to understand and construct and uses ordinary 
household items. 208 pages, 189 illustrations, Book No. 
1825, $9.95 paperback, $15.95 hardcover. 


Prices Subject to Change Without Notice. 


THE COMPLETE BOOK OF LOCKS AND 
LOCKSMITHING—2nd Edition—C.A. Roper 
**. . . all you need to start a successful (locksmithing) 
business." —Booklist 
Here is a book that shows how you can do all your 
own locksmithing chores, easily and inexpensively— 
even set up your own profitable locksmithing business at 
extra savings! You'll learn how inexpensively you can 
cut your own duplicate keys for house and car, how to 
make your own 'ocksmithing tools, how to open and 
repair all kinds of locks, and more! 352 pages, 637 illus- 
trations, Book No. 1530, $16.95 paperback only. 
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Maps & Compasses: A User's Handbook 
: by Percy W. Blandford 





Here is a handbook that contains everything you need to know about 
the use of maps & compasses! Assuming no prior knowledge, this reliable 
guide takes you step-by-step through the process of map reading. You'll 
examine the various types of maps available, learn how to read scale propor- 
tions, and find out what symbols are found on land maps, nautical maps, 
topographic maps, and road maps. And, for your reference, there is a list- 
ing of the most common conventional symbols used in the legends of most 
maps you'll encounter. 

The use of compasses is covered in depth, including the types avail- 
able, how to use a compass to determine position, and how to adjust your 
compass for errors. Plus, you'll learn how to use the sun, stars, and natu- 
rally occurring phenomena as directional aids, and how to transfer courses 
to a map with the use of protractors and peloruses. 

In addition, you'll discover how to interpret the hills and mountain peaks 
indicated by contour lines on maps to help you find position and easy routes 
to travel. Everything from the use of grids to locate your position to latitude 
and longitude is included and illustrated for easy understanding. 

You'll be able to find your way with a road map, plan the most pleasant, 
the most direct, or the most time-saving routes between two points, and find 
your way back on course if you stray away. If you are exploring a wilderness 
area, this comprehensive guide will even show you how to use maps and 
compasses where man-made roads and landmarks are absent. 

Once you've learned the essentials, you can try advanced skills like map- 
making, and orienteering. Plus, there is specialized information on aeronau- 
tical charts, recreational maps, historic maps, census maps, land use maps 

. . everything from the highways to the waterways, and beyond! 

Percy W. Blandford is a professional freelance author who has written 
several practical guides for TAB as well as nearly 3000 magazine articles 
on how-to topics. 
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